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Spring Meeting Papers 


This supplement to the May issue of 
MECHANICAL ENGINEERING presents a num- 

ber of the papers that will be read at the 
meeting and brings information about 
i others that are available in pamphlet form 
to those who request them. It is the sin- 

cere hope of the Committee on Meetings 
and Program and the Committee on Publi- 
cations that these papers, published as they 
are well in advance of the meeting, will 
arouse discussion at the meeting that will 
contribute equally with them to the value 
of the Society’s published records. 
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The Purpose of This Supplement 


HIS special supplement to the May issue of MECHANICAL ENGINEERING brings advance in- 

formation about the Program of the Milwaukee Spring Meeting of the A.S.M.E., together 
with the text of a number of complete papers and synopses of others that are available in pam- 
phlet form. Copies of the latter may be obtained by filling in the form on page 447. This 
supplement, however, should be brought to the Meeting, as copies of the papers appearing in it 
will not be available for free distribution. However, additional copies of the supplement may 
be purchased at the Meeting. 

It is the purpose of this supplement to make available to the members of the A.S.M.E. in- 
formation regarding the papers that are to be presented, so that discussion at the Meeting will 
be well considered and thoughtfully prepared. 

As it is the purpose of a meeting of the Society to secure the greatest possible participation 
by all of those who attend, it is highly desirable that members have advance information as to 
the subject-matter of the papers that are to be read at the meeting. It is a waste of valuable 
time for an author to read a technical paper from beginning to end at a meeting, for the audience 
is seldom able to evaluate statements that are made and compare them with their own experience. 
Further, there is a limit to the amount of time during which interest in the presentation of a 
technical paper can be maintained. 

It has been the effort of the Committee on Meetings and Program to stimulate discussion at 
the meetings of the Society, knowing that a spirited discussion insures an interesting meeting. 
Discussion greatly strengthens the permanent value of the papers presented at the meeting. A 
paper which has been subjected to the fire of public criticism or warmed by the addition of 
corroboratory information is, when properly recorded, of much greater value as a part of the 
permanent literature of mechanical engineering than a spiritless or an uncriticized contribution. 
In some cases the discussion may be of even greater value than the paper. From its value in 
instilling interest in the meeting and from its effect on the record of the meeting, discussion is 
therefore vitally essential. "The Committee on Meetings and Program and the Committee on 
Publications have cooperated in this procedure for presenting and issuing papers for the Milwau- 
kee Spring Meeting. 


The Milwaukee Spring Meeting 


ILWAUKEE is the place for the 1925 Spring Meeting of The American Society of Mechani- 
cal Engineers. The dates are from May 18 through 21, and the headquarters will be the 
Hotel Pfister. The program on the opposite page includes the technical sessions and a mention 
of the interesting entertainments and excursions which the Milwaukee Committee is planning. 
The current issues of the A.S.M.E. News are giving particulars of the many interesting events 
that are to be held during the four days of the meeting. 
Milwaukee is a city of diversified industries, and members engaged in all phases of mechanical 
engineering will find much of interest and value in the program. 
The American Society of Refrigerating Engineers will hold a meeting in Milwaukee simul- 
taneously with that of the A.S.M.E., and on the afternoon of Thursday, May 21, there will be 
a joint hearing on the Test Code for Refrigerating Apparatus. 
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Tentative Spring Meeting Program 
Hotel Pfister—Milwaukee, May 18-21, 1925 
Monday, May 18 


Morning: 


Meeting of A.S.M.E. Council 
Local Sections Conference 


Afternoon: 


Business Meeting of Society 
Meeting of A.S.M.E Council 


Evening: 
Reception 


Boiler Code Public Hearing 

Excursions: Sewage Disposal Plant; 
Palmolive Company; Phoenix Hosiery 
Company 


Tuesday Morning, May 19, 9:30 A.M. 


Machine Shop 


Recent Investigations in Turning and Planing and a New Form of 
Cutting Tool, H. KLopstock. 

A Code of Design for Mechanical Springs, J. K. Woop. 

Defects in Large Forgings, J. FLETCHER HARPER. 

Hydroelectric 

The Parallel Operation of Hydro and Steam Plants, F. A. ALLNER. 

Mechanical Features Affecting the Reliable and Economical Operation 
of Hydroelectric Plants, EK. A. Dow. 

Mechanical Problems of Hydraulic-Turbine Design, Wm. M. WHITE. 


Forest Products 


A New Era in Forestry, H. F. WErtss. 
Standardization of Grading Rules for Hardwood Lumber, A. T. Upson. 


Puloerized Coal 


A Microscopic Study of Pulverized Coal, L. V. ANDREws. 

Boiler Furnaces for Pulverized Coal, A. G. CHRISTIE. 

Radiation in the Pulverized-Fuel Furnace, W. J. WOHLENBERG and 
D. G. Morrow. 


Tuesday Afternoon 


Excursions 


Allis-Chalmers Mfg. Co. 

Eline’s, Inc. (Chocolate) powdered-fuel plant. 

Robt. A. Johnston Co., manufacturers of candies, crackers and cookies. 
Kearney & Trecker Company. 


Student Branch Conference 


Tuesday Evening 


Musicale 


Visit to Central Continuation School 


Milwaukee Session 


The Activated-Sludge Sewage-Disposal Plant at Milwaukee, JoHN A. 
WILSON. 

Critical Study of Heat and Power Requirements of Sewage-Disposal 
Plants, Rost. CRAMER. 

Duty Tests of Vertical Triple-Expansion Pumping Engines, Milwaukee, 
Wis., CHARLES A. CAHILL. 

The Economical Advantage of Cities Having Diversified Industries, 
(Author to be announced.) 


Wednesday Morning, May 20, 9:30 A.M. 


Materials Handling 


Formulas for Computing the Economies of Labor-Saving Equipment, 
J. A. SHEPARD and G. E. HAGEMANN. 

An Application of the Formulas for Computing Economies of Labor- 
Saving Equipment, Geo. LANGFORD, JR. 

Labor-Saving Equipment in Road Construction, E. H. LicHTENBERG 
and J. A. SHEPARD. 

Economic Efficiency of the Full-Automatic Turret Lathe in Comparison 
with the Semi-Turret Lathe, R. J. Wapp. 


Industrial Power 


Torsional Vibrations and Critical Speeds of Shafts, A. Lack and C. B. 
JAHNKE. 
Tests of a Uniflow Engine, G. H. Barrus. 


National Defense 


On the invitation of the War Department and the A.S.M.E., manu- 
facturers of Wisconsin will meet to go over the industrial-prepared- 
ness plans in Wisconsin based on the allocations of materials to be 
manufactured in that district. 


Materials 


The X-Ray Examination of Steel Castings, I. E. Mouttrop and E. W. 
NorrIs. 

Aluminum and Its Light Alloys, R. L. StReETER and P. V. FARAGHER. 

Stress Concentration Produced by Holes and Fillets, S. TimosHENKO 
and W. DIETz. 


Wednesday, Afternoon 


Public Hearing, Power Test Codes 


Test Code for Centrifugal and Rotary Pumps. 
Test Code for Reciprocating Steam-Driven Displacement Pumps. 


Wednesday Evening 


Excursions 
Vilter Mfg. Co. 
Riverside Pumping Station. 
Falk Corporation. 
Dinner 


Public Meeting 


Assistant Secretary of War Davis as principal speaker. 
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Thursday Morning, May 21, 9:30 A.M. 


Steam Power 


A Review of Steam-Turbine Development, HANS DAHLSTRAND. 

Rational Design of Covering for Pipes Carrying Steam up to 800 Deg. 
Fahr., W. A. CARTER and E. T. Cops. 

Lake Waters for Condensers, A. G. CHRISTIE. 

Analysis of Power-Plant Performance Based on the Second Law of 
Thermodynamics, W. L. DEBAUFRE. 

Comparison of Actual Performance and Theoretical Possibilities of the 
Lakeside Station, M. K. Drewry. 


Management 
Steel-Foundry Management, R. A. BuLL. 
Management of Gray-Iron Foundries, G. P. FIsHEr. 
SHEPARD. 


Apprenticeship 


A National Apprenticeship Program, HAROLD S. FALk. 
Milwaukee District Apprenticeship Scheme (Author to be announced). 


Railroad 


Factors Concerning the Economics of Shopping Steam Locomotives, 
L. K. Smicox. 
Freight-Car Maintenance, C. G. JUNEAU. 


Thursday Afternoon 


Excursions 


Lakeside Power Station. 
Nordberg Mfg. Company. 


Public Hearing with A.S.R.E. 


Test Code for Refrigerating Systems. 
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The X-Ray Examination of Steel Castings 


By I. E. MOULTROP! AND E. W. NORRIS,? BOSTON, MASS. 


HE rapid development of power-station design toward higher 
pressures and temperatures necessitates a corresponding 
improvement in the qualities of the materials used for 
equipment. The physical properties must be better, and these 
properties must be realized not only in the laboratory but also in 
the commercial product. We can no longer rely on a conservative 
factor of safety to counteract possible flaws, for many modern de- 
signs prohibit large excesses of metal, and experience indicates that 
flaws involve not only an 


a given material, but they furnish a means by which its innermost 
structure may be examined and, to a considerable degree, analyzed 
without damage. The value of such an examination is twofold: 
the soundness of the material can be tested, and the location and 
character of flaws can be determined. The causes of flaws can be 
suggested by checking against the details of the processes of manu- 
facture. In this way a foundation is laid for the elimination of 
flaws by the improvement of manufacturing processes brought 
under suspicion. 


initial weakness but also 
a tendency toward de- 
terioration during ser- 
vice. It is therefore 
necessary to eliminate 
flaws rather than to pro- 
vide excess metal to com- 
pensate for them. 

This situation is by no 
means new. The his- 
tory of materials manu- 
facture is a record of la- 
boratory study and the 
gradual application of 
laboratory methods to 
commercial processes. 
This paper discusses one 
of the latest of these 
methods to be thus ap- 
plied, that is, the use of 
X-rays. 


DEVELOPMENT OF X-Ray 
EXAMINATION 


The examination of 


At the present time 
the most important met- 
allurgical application 
of X-ray methods is in 
the study of steel cast- 
ings. Careful work along 
this line enables the 
foundry to turn out work 
that compares favorably 
with that of the forge. 
The advantages to be 
thus obtained are obvi- 
ous and amply warrant 
the most careful consid- 
eration. 


X-Rays anp X-Ray 
APPARATUS 


X-rays do not differ 
fundamentally from light 
rays. They are waves 
in the same medium and 
of the same character as 
light waves. They are, 


materials by X-rays was 
suggested in the very 
early days of X-ray work. It is only recently, however, that 
apparatus and technique have been developed to a point where 
satisfactory commercial work can be undertaken. Probably the 
first successful work of this nature was that done by Dr. Davey 
of the General Electric Company in 1915. At that time steel 
castings for various purposes were examined, the development of 
the Coolidge tube having made possible penetration of castings up 
to a considerable thickness. 

A certain amount of work was done during the war in inspecting 
munitions of various kinds. As a result of the war work, the 
Watertown Arsenal at Watertown, Mass., under the direction of 
Col. T. C. Dickson, has developed the technique of X-ray photog- 
raphy of metals, and especially of steel castings, in conjunction 
with a corresponding development of foundry practice. Their ef- 
forts have been most successful and many difficult castings have 
been made commercially possible by the insight into their quality 
obtained through X-ray work. 

The X-rays do not possess any peculiar property that improves 


! Assistant Superintendent of Construction Bureau, The Edison Electric 
Illuminating Company of Boston. Mem. A.S.M.E. 

2? Engineer, Mechanical Division, Stone & Webster, 
A.S.M.E. 

For presentation at the Spring Meeting, Milwaukee, Wis., May 18 to 
21, 1925. Tue AMERICAN SocieTy OF MECHANICAL ENGINEERS. All papers 
are subject to revision. 
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however, of very much 
shorter wave length and 
have the power of pene- 
trating substances opaque to ordinary light waves, and also of im- 
pressing an image on a photographic plate. 

X-rays are generated in vacuum tubes similar to, but very 
much larger than, the now familiar radio tube. A small filament 
at one end of the tube is heated by an electric current, and a high 
potential is impressed between this heated filament and a target 
plate. The heated filament in the vacuum tube gives off a large 
quantity of electrically charged particles which are directed against 
the target at enormous velocities by the electric potential. These 
electrically charged particles do not constitute X-rays, but when 
they strike the target their energy is released and is transformed 
in some way into the vibrations radiated by the target as X-rays. 

The penetrating power of the X-rays generated by a tube de- 
pends very largely upon the velocity at which the charged particles 
are projected against the target; which again depends on the voltage 
between the filament and the target plate. This voltage varies 
from some 20,000 or 30,000 upward. For the examination of heavy 
castings very high voltages must be resorted to in order to obtain 
sufficient penetrating power to produce satisfactory photographs 
or “radiographs.” At the present time, the commercial limit is 
about 250,000 volts, which gives a maximum penetration of ap- 
proximately 3 in. of steel. Under favorable conditions this may be 
extended to4in. This suffices for a large part of the work required, 
but falls short of the penetration needed for the heavy flanges, 
etc. on ultra-high-pressure equipment. It is estimated that an 
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operating voltage of 600,000 can be successfully applied, which 
would give a penetration of approximately 6 in. Unfortunately, 
up to the present time means have not been available to carry on 
the research necessary to develop this equipment. 

X-rays have the peculiar quality of setting up secondary radiation 


Potential ! 
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~ 250,000 Volts Max 
X Ray Tube a | \ Target 


X-Ray Beam 
\ Lead Numera! 


_-lead Shields 


Fic. 2 Set-Up ror X-Ray Picture 


in almost all substances. Thus, when a metal plate is penetrated 
by X-rays, secondary radiation is generated by the metal itself, 
which glows, as it were, with an invisible radiance. This radiation 
is very similar to the X-rays generated by the tube and is capable 
of impressing a photograph plate. It is frequently a source of 
difficulty, as special care is required to filter out the indirect radia- 


Fie. 3 RapioGrapH oF Gas Pockets, Size 


tion so as not to blur the shadows cast by the direct radiation from 
the tube. 

In making an X-ray photograph or radiograph of an object, the 
X-ray tube is set up over the portion to be examined and a photo- 
graphic plate or film is placed immediately beneath the material. 
The rays penetrate the material and impress the plate. Various 
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thicknesses or densities of material absorb varying amounts of 
rays, or in other words, cast shadows of varying density on the plate. 
These form an image which may be made visible by developing the 
plate in the usual way. Obviously, therefore, the radiograph is 
a shadow picture of the material being studied. The features 
shown are approximately full size, and the depth of tone of the 
negative shows the comparative density or thickness of the ma- 
terial. A hole or thin spot allows more rays to reach the plate, 
and appears as a dark outline on the negative and vice versa. The 
method is extremely sensitive, for variations of density or thickness 
of 2 per cent can be definitely detected. The ordinary flaws of 
commercial castings that are of enough importance to warrant 
consideration are equivalent to variations of ten or twenty per cent 
or more. These can therefore be detected and their importance 
weighed with a satisfactory degree of accuracy. 

The apparatus for X-ray work (Fig. 1) is comparatively simple. 
The tube itself is supported on a stand which is adjustable for 
various positions. Flexible lead wires run to the power source 
with a milliammeter to indicate the current flow through the tube. 
Power is supplied by a step-up transformer and rectified by a com- 
mutator driven by a synchronous motor. The commutator con- 
sists of a series of revolving arms which just clear current collec- 
tors in the form of circular ares. These are so located that a 
proper path is provided for the current to maintain a direct 
pulsating voltage across the terminals as the commutator re- 
volves. 

As X-rays are very injurious to human tissue when subject to 
frequent exposure, the X-ray equipment is housed in a room lined 
with quarter-inch lead. The control panel is located outside the 
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room. To give the operator a view of the tube and other equip- 
ment a lead-lined periscope is provided which takes advantage of 
the fact that ordinary light rays are reflected by mirrors that ab- 
sorb or transmit the X-rays. 

When a casting is to be examined, a careful study is made to de- 
termine the critical parts. Then the best method of radiographing 
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these is decided on. The parts are then numbered plainly, and 


the casting is photographed in the ordinary way to locate the 
numbered sections for future reference. 

In taking the X-ray pictures the casting is placed so that the de- 
sired area is directly in line with the path of the X-rays from the 


A lead 


tube, which is located above or at one side. See Fig. 2. 
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The exposure may be anything up to thirty minutes or more, 
depending on the thickness of metal to be penetrated. During 
long exposures it is necessary to stop occasionally to allow the tube 
to cool down. This frequently doubles the actual time required. 

If the section of metal is uniform in thickness the penetration 
is correspondingly uniform. Where there is a marked change, as 
at aribora flange, there 


is a tendency to over- 
expose the thin section 
in order to penetrate 
the heavy section. 
This is counteracted by 
covering the thin part 
with a light screen of 
lead. This protects the 
thin section and allows 
much better penetra- 
tion of the thick see- 
tion. There is no 
chance of confusing 
this “mask” with a 
flaw as the edge is cut 
clear and sharp—quite 
different from the jag- 
ged outline of a crack. 

The outline of flaws 
as shown on the radio- 
graph is an exact re- 
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Fic. 8 ARRowHEAD FLaws (Ercuep Section), SuigHtty Repucep 
number is placed on the metal over the area number to identify 
the radiograph and a plate or film is placed under the metal and as 
close to it as possible. The plate is backed with lead to prevent 
the secondary radiations from reaching the sensitized surface. 
In some cases a thin lead screen is placed in front of the plate or 
film to filter out scattered radiations. 
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production of the flaw 
in the metal, except 
that there is a certain 
amount of parallax. 
This is due to the pro- 
jection of the rays from 
a center on the target 
of the X-ray tube to 
the photo- 
graphic plate 
orfilm. Thisis 
often exagger- 
ated by the use 
of a film curved 
to fit the in- 
terior of a cyl- 
indrical sur- 
face. 
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The defects 
observable 
steel castings 
as determined 
by the irspec- 
tion and check- 
ing of hundreds 
of specimens may be grouped under a few general types: 

Gas pockets (Fig. 3) are usually clearly defined spherical cavities, 
though they are often irregular in shape with a rounded outline. 
They show on the radiograph as rounded spots. Sometimes the 
gas has moved through the metal leaving a bore like a worm hole 
which shows a picture rather like a small comet. These cavities 
may be caused by failure to remove the gas from the metal before 
pouring; or they may come from sand or dirt in the mold, which 
generates gas under the high temperatures of the steel. Sometimes 
the gas pockets are caused by steam from a damp mold. 

Sand may be washed from a poorly rammed mold and be covered 
by the metal. These sand inclusions (Fig. 4) sometimes represent 
a considerable volume. They may be invisible from the surface 
of the casting. In the radiograph they show as cloudy areas of 
irregular outline. When the sand is reasonably free from dirt or 
binding compound no gas is formed, but the sand inclusions repre- 
sent areas subject to extremely rapid erosion when the surface 
metal has been penetrated. 


Fig. 9 RADIOGRAPH OF CRACKS, SLIGHTLY REDUCED 
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Pipes and voids caused by the shrinkage of the metal during 
solidification are the most common fault to be found in steel castings. 
(Fig. 6.) In many cases these flaws are not serious but in others 
they are extremely so. (Fig.7.) As the metal in a mold cools it 
shrinks. The surfaces solidify and tend to pull away from the interior 
which is still viscous. The gates and risers form reservoirs of metal 
that remain molten and feed in additional metal during the shrink- 
age period of the main parts. If this feeding is complete the result 
is a sound casting; but frequently the flow of metal is retarded and 
the more remote sections shrink away from the core, leaving a 
spongy section between two sound walls. (Fig.8.) This is usually 
not serious, as the factor of safety is ample to take care of the weak- 
ness of the core. It sometimes happens, however, that gas is forced 
into this spongy metal, exaggerating its weakness. Again, the 
secondary strains of cooling set up forces that may produce sub- 
surface cracks which are a source of danger whenever the casting 
is placed in severe service. On the radiograph the spongy shrink- 
age voids show as fernlike patterns. These develop into “stream 
lines” when the metal has a well-defined core, and into jagged lines 
when cracks are formed. 

Cracks are probably the most dangerous fault that must be de- 
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tected, for they have the well-known tendency to increase during 
service. Cracks are clearly defined on a radiograph when the rays 
pass through the metal in the plane of the crack (Fig. 9). When 
the rays strike through obliquely, the image becomes hazy and 
may be altogether lost. For this reason, when cracks are sus- 
pected, it is desirable to take a series of radiographs at varying 
angles so as to detect cracks running on different slopes. 


WeyYMmouTtH Power Station WorkK 


The work covered by this paper was undertaken in connection 
with the construction of the Weymouth Power Station of the Edi- 
son Electric Illuminating Company of Boston. Part of the steam- 
power generating equipment at this plant operates at 1200 lb. pres- 
sure. This is the first commercial installation at so high a pressure 
and it was decided to take the precaution, unique in power-plant 
engineering, of applying X-rays to the inspection of the materials 
involved. 

In examining the equipment careful consideration was given to 
the general features of the problem before any specialized work 
was begun. The high-pressure feedwater lines were considered as 
presenting no problems that have not already been solved in con- 
nection with high-pressure hydraulic work. It was therefore 
deemed unnecessary to use X-ray examination in connection with 
these. The steam fittings, however, presented the double problem 
of high pressures and temperatures, with the characteristic of high- 
pressure steam to increase inherent flaws during service. 

The materials selected for high-pressure steam service were 
forged and cast steel and monel metal. The monel metal used as 
valve trimming, etc. is not subject to sufficiently critical mechan- 
ical stresses to warrant its special examination. Steel forgings 
have proven so reliable in actual service that the routine tests and 
analyses are considered entirely satisfactory proof of quality. Steel 
castings, however, have occasionally shown flaws which could not 
be detected by any of the ordinary inspection methods, and it was 
therefore decided to use X-ray photographs as a means of insuring 
the desired quality of product. 

The castings for this work are all special; it was therefore impos- 
sible to use the X-ray examination as preliminary test of foundry 
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practice, but the importance of the castings fully justified the ex- 
pense of individual radiographic tests. 

All examinations were made at the Watertown Arsenal. The 
X-ray laboratory is under the direction of Dr. Lester, to whom the 
authors are indebted for much of the technical data presented. 

In general the castings were examined in the rough so as to avoid 
doing any machine work on castings which might be rejected. 
After examination, castings were divided into numbered areas 
chosen so as to cover the critical parts, as already described. For 
instance, valve bodies were examined with great care in the neigh- 
borhood of the flanges, to determine the soundness of the metal 
at these points of concentrated stresses. Radiographs were then 
made covering these areas and the results were carefully studied in 
connection with the casting itself. Slight shadows on the radio- 
graphs were frequently found to be caused by surface irregularities 
on the casting. For instance, a line of pattern numbers slightly 
raised above the surface of a casting were very clearly shown on the 
corresponding radiograph. 

In order to check the interpretation of the X-ray work a con- 
demned casting showing a large number of characteristic flaws 
was carefully cut into sections so as to expose the flaws, and these 
were then etched and compared with the radiographic negatives. 
Chemical and physical tests were also performed as a check on the 
work and it was found that in every case the original interpretation 
of the radiograph was fully borne out by the character of the casting 
at the point of examination. 

In connection with this work a special effort was made to lay 
the results of the examinations before the manufacturer producing 
the casting so that through codperation the occasional flaws dis- 
covered could be eliminated. 


EXAMPLES OF WoRK 


Turning to actual examples of the castings examined, perhaps 
the most interesting is a nozzle section. This proved to be seriously 
flawed, containing examples of all the more common faults. After 
deciding to condemn this casting it was sectioned as mentioned 
above and examined as a check on the radiographic work. 


Fig. 11 Nozzite Exterior, SHOWING AREAS RADIOGRAPHED 


Fig. 10 shows a general view of the nozzle as it is installed. It 
forms part of a bypass intended to transfer high-pressure steam 
at 1200 lb. to the normal-pressure system at 550 lb. The nozzle 
is made in three sections, the throat, the center, and the low-pressure 
section. It has a total length of approximately 11 ft. The in- 
ternal diameter at the throat is approximately 1°/, in., and at the 
low-pressure end, 9°/, in. The casting under consideration is at 
the low-pressure end having a maximum internal diameter of 9° , 
in. 

For examination this casting was divided into twenty areas for 
radiographs. Four radiographs were taken near each flange, ani 
twelve at various points along the nozzle body. These sections 
were arranged as shown in Fig. 11. Characteristic radiographs 
are shown in Figs. 12-15. They show the metal in the body of 
the casting. The small circular spots are caused by gas pockets 
of corresponding size in the metal. The actual size averages about 
'/g in. in diameter. The fernlike pattern indicates the presence of 
shrinkage voids in the interior of the metal. This is not neces- 
sarily a serious weakness as it is caused by the sponginess of the 
metal between the sound faces. In this case there is a distinct ten- 
dency for the sponginess to become continuous, resulting in incipient 
cracks and a general porosity of the section which would probably 
tend to form leaks after a period of service. Figs. 14 and 15 show 
the appearance of the metal at the flanges. Here the condition 
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is quite serious; gas and shrinkage voids are indicated through the 

entire body of the material, and in addition the presence of sand 

inclusions is indicated by the cloudy shadows shown on the radio- 

graph. In Fig. 15 a dark line at the fillet indicates the presence 

of a erack at the base of the flange at this point. 
Yollowing the X-ray examination the casting 
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the steel. Fig. 20 shows a characteristic radiograph of the poorer 
part of the casting. 

The flaws shown were in general of rounded form and not of the 
irregular type which tend to form cracks. As the working stress 
in the metal is comparatively low it was decided to accept the 


was cut into sections. Two cross-sections were 
taken from the body of the nozzle. Longitudinal 
sections were then made through the flanges 
and these sections were deeply etched so as to 
develop the structure of the metal and make the 
flaws easily visible. Fig. 16 shows the relation 
of the longitudinal sections and one of the 
cross-sections. It is at once evident that the 
metal is extremely porous due to shrinkage 
voids and has a large number of gas cavities. 
The most serious feature, however, is the fine 
shrinkage cracks reaching from the fillet back 
of the flange and the large cracks running from 
the interior of the nozzle up into the center of the 
flange where they meet a highly porous section. 
This condition is probably caused by improper 
mold structure. It is probable that the metal 
flowed out around the end of the core so that on 
cooling it was impossible for the pipe section to 
shrink properly along the core and the end was 
subjected to considerable tension which caused 
the cracks running up into the core center. 
Apparently, also, the body of the mold exerted 
too much pressure on the back faces of the flanges 
so that a tension stress was concentrated at the 
flange fillet, causing the fine cracks to form. 
These flaws certainly rendered the casting unfit 
for use and their detection may be considered 
as fully justifying the use of X-ray examina- 
tion. 


A study of the physical and chemical quali- 
ties of the material in this nozzle shows that 
it would have been of high quality had the 
molding work been successful. A number of 
specimens were cut from different parts of the 
nozzle and tested in a tension machine. In 
general the metal where sound showed satis- 
factory characteristics, but there was a very 
decided tendency toward undue brittleness. The 
appearance of the tension-test specimens is shown 
in Fig. 17. These specimens show that in the 
region of flawed material, while the strength is 
affected to some degree, the elongation and re- 
duction of area are reduced very markedly indeed. 
Fig. 18 shows a characteristic photomicrograph 
of the material; the dark spots indicate micro- 
scopic cavities, and the general coarseness of the 
structure is indicated by the dendritic formation 
clearly shown at the side of the photomicro- 
graph. 

The study of this casting in connection with the 
radiographs gave a very positive check on their 
interpretation. It formed a basis for compari- 
son with the results obtained from other cast- 
ings so that the work could be interpreted with 
confidence. 

A further example of the application of X-ray 


Fic. 12 Raprocrapu or AREA 14, 
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Fic. 15 RapioGRAPH OF AREA 20, SLIGHTLY 
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casting, subject to hydrostatic test for leakage 
and extensometer test for elastic limit. 

After machining, the casting was blanked 
off for hydrostatic-pressure test. Before apply- 
ing the pressure, stops were welded to different 


work is the governor-valve body for the high- 
pressure turbine. This valve body is a rather 
intricate casting comprising a double-beat valve 
and a steam-strainer shell in one casting. Fig. 
19 gives the general idea of the appearance of the casting. Owing 
to the complicated internal structure required by the valve ports, 
the location of X-ray photographs was rather difficult and it was 
necessary to make a number of comparatively small radiographs in 
order to develop the quality of the material. 

In general the casting was found to be satisfactory, but parts 
were rather gassy and there was a noticeable amount of dirt in 


Fig. 13 OF AREA 19, 
SLIGHTLY REDUCED 


parts of the casting for micrometer-gage appli- 
cation. The casting was then measured to give 
the initial micrometer readings and the water 
pressure applied. The micrometer readings were 
repeated under various pressure steps and found to increase very 
uniformly up to a pressure of 5000 Ib., which was the maximum test 
pressure stipulated. No leaks developed and the pressure was then 
released, the micrometer readings being repeated. The casting 
returned very nearly to its original dimensions within a few seconds, 
but half a minute elapsed before the original dimensions were com- 
pletely regained. This lag is considered as an indication that the 
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Fig. 20 RaproGRAPH OF VALVE Bopy SHOWN IN Fia. 19, StignHTLy Repucep 


Fig. 21 Exterior oF Botrom or TurBINE CASING 
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elastic limit of the material was closely approached, but inasmuch 
as the original dimensions were completely regained it is assumed 
that the elastic limit was not exceeded. These measurements under 
high pressures are considered very important as demonstrating 
approximately the elastic limit under 
service conditions. In this case they 
show positively that the operating 
pressure of 1200 lb. is protected by a 
factor of safety of more than four, 
based on the elastic limit. Taking 
this demonstration in conjunction with 
the X-ray studies which indicate that 
there are no flaws which would tend 
to be aggravated by operating condi- 
tions, the status of the casting is fully 
determined. 

The turbine casing, both top and 
bottom halves, was fully investigated 
except for certain sections which ex- 
ceeded the thickness which can be 
penetrated by rays at the present time. 
Fortunately these very heavy sections 
are not subject to critical stresses and 
are therefore not a matter of serious 
concern. The top half of the casing 
was found to be an _ exceptionally 
fine piece of work. It is practically 
flawless. The bottom half of the 
casing (Fig. 21) is equally sound with 
the exception of the inlet and exhaust 
nozzles, which contain a_ certain 
amount of gassy metal associated with 
some dirt. (See. Figs. 22 and 23.) 

The radiographs were carefully studied in conjunction with the 
working pressures and metal thicknesses of the various parts. 
No flaws were indicated which would tend to form cracks or 
leaks, or extend during service. The problem then resolved 
itself into a determination of the amount of weakening due to the 
flaws and the probable resultant factor of safety of the casting. 
In the high-pressure nozzle the working stresses are low and the 
flaws are so small that their effect is of no commercial importance. 
In the exhaust nozzle the flaws are in general of the same magnitude 
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as those in the inlet nozzle, but a large gas pocket was discovered 
behind a heavy boss. This pocket was fully outlined by the X-ray 
photographs and its extent defined. It was found to have no serious 
effect on the strength of the casting owing to the thickness of metal 
at that point. It introduced a point of incipient leakage, however, 
which was very objectionable as the steam pressure on the exhaust 
of this turbine is some 360 lb. per sq. in. gage. To meet this condi- 
tion a plan was worked out for drilling out and bushing the casting 
at the boss and welding the bushing into place. With this correc- 
tion a hydrostatic-pressure test was applied in conjunction with 
extensometer measurements, and the strength of the casting was 
checked in about the same way as the governor-valve body. 

This work is particularly interesting as demonstrating the ability 
of the X-rays to define the extent of flaws and save a casting which 
might otherwise have to be abandoned due to uncertainty as to 
its actual internal condition. It may be noted here that the 
turbine-casing halves are the heaviest castings ever examined by 
X-rays. 


CONCLUSION 


In all, some thirty castings were examined for the high- 
pressure steam installation at Weymouth. Out of these only five 
proved seriously defective; the remainder were for the most part 
of extremely high quality. Through the use of X-ray examinations 
it was possible to eliminate castings which would have been un- 
equal to the service owing to flaws that were invisible from the 
surfaces, and to demonstrate with a reasonable degree of certainty 
the soundness and strength of the castings accepted. In this way 
the objectives laid out in the beginning of the examination were 
achieved and the cost of the work. if considered as an insurance 
charge, was fully justified. 

The observations made form an excellent basis for a further 
study of the materials in this installation as affected by the condi- 
tions of service. The experience gained should be of value not 
only in the design of future installations but also in coéperating 
with the foundries in eliminating the flaws found to be character- 
istic of certain designs and methods of manufacture. 

X-ray technique is now very effective, but its economic use is 
not yet fully developed. In presenting this paper it is hoped, 
therefore, that the work described may be of interest in solving 
similar power-station problems and may suggest a basis for future 
development. 


is 
= 
“os 


Defects in Large Forgings 


Some of the Common Defects Encountered and a Brief Explanation of Their Causes—Methods Used 
to Insure Uniform and Homogeneous Material 
By J. FLETCHER HARPER,! MILWAUKEE, WIS. 


HE object of this paper is not to imply that all large forgings 

are defective or in any way to condemn their use, but to 

point out to designing and operating engineers some of the 
places at which defects may be encountered. 

It must always be borne in mind that the type of stress which 
exists in the part and the nature of the operating conditions de- 
termine in many cases the danger of a slight flaw or defect. In 
many cases the seriousness of flaws or defects cannot be accurately 
determined by laboratory means, and it is only after years of ex- 
perience under actual operating conditions that one can disregard 
certain defects in certain types of equipment which must be the 
cause of rejection in other equipment. 

The statement is often made that the materials of today are not 
as good as they were formerly. This is not true; they are infinitely 
better today, but the masses used, the speeds operated at, and the 
temperatures and pressures now found in modern apparatus were 
not even considered a few years ago. It is this new order of things 
which calls for greater uniformity and homogeneity of materials. 
Most engineering formulas are based on a uniform material, but 
steel makers and fabricators assert that no such material is pos- 
sible, or made, in the strict meaning of the word, and the formu- 
lation of an estimate of the seriousness of any defect in a specific 
piece of apparatus therefore becomes a compromise between theory 
and practice. 

In considering defects found in forgings, it is well to classify 
them under two heads: first, those inherent in the material; and sec- 
ond, those caused by the method of fabrication. It is very com- 
mon to have both kinds present, and it is entirely possible that 
one may so mask or so accentuate the other as to make any definite 
conclusions difficult. 


MatTERIAL DeEFeEcts 


The most common defects inherent in the material or the ingot 
from which forgings are made, are: 
1 Variations in composition 
2 Piping and gas pockets 
3 Cracks 
4 Slag lines and “ghost lines.” 

Variations in Composition. In the manufacture of large forg- 
ings, large ingots, which in reality are only steel castings of the 
highest type, are required. Such castings will naturally have 
varying cooling rates, and it is a law of solutions—and steel is a 
solution—that the higher concentrations will solidify first. It 
is only natural, therefore, that the chemical composition will vary 
somewhat from the bottom to the top, and from the center to the 
outside, of the ingot. 

This variation, if not excessive, is of no great importance. The 
slight variations in physical properties from one end to the other 
can usually be corrected by heat treatment of the forging; and it 
is the usual practice to test the forging midway between the center 
and the outside to get the average results. 

However, any practice in which two heats of steel are utilized 
without the employment of a large mixing ladle, or in which two 
ladles of steel are poured without the use of a common runner box, 
should be frowned upon. 

Piping and Gas Pockets. As stated before, an ingot is nothing 
more than a very special steel casting, and as such it is subject to 
many of the defects of steel castings. 

The mold, in the best practice today, is made of special cast 
iron. The laws of freezing of metals cause the outside surface next 
to the mold to solidify first, and as more heat is absorbed by the 
mold this skin grows in thickness. This thickness grows more 
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slowly as the metal solidifies, due to the increased mold temperature 
and the insulating effect of the skin, causing the center to remain 
molten for a considerable time. 

This freezing action is accompanied by contraction which causes 
the molten metal in the center portion to decrease in height, giving 
the hollow, cone-shaped upper portion known as the “sink head” 
or “pipe.” If the rate of solidification is not proper, the outer 
portions of the ingot, being rigid, will exert enormous stresses on 
this inner semi-solid material, causing tearing orextension of the pipe. 

This tendency to tear is further increased due to the rejection of 
the impurities into the last material to solidify. This action is 
more fully explained under the discussion of “Cracks.” 

Ingots of proper design as to shape and cooling rates should have 
the pipe or shrink entirely confined to the upper portion. But 
if due to improper design, or if two heats or ladles of material are 
improperly used, or the pouring or cooling is stopped at any one 
point, the ingot can easily have piping throughout its length or in 
several places. The surfaces of these pipe cavities are usually 
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oxidized, which prevents any possibility of welding in subsequent 
forging operations. 

The two forgings shown in Fig. 1, which have been cut in two, 
show examples of hidden pipe. In the case of both forgings the 
defects shown are due to secondary piping, for ample material had 
been cut from the top of the ingots to remove all normal shrinkage. 

Gas pockets or blowholes are due to the rejection of gas by the 
molten steel at the time of solidification. If the solidification is 
normal, that is, progressing from the outside inward and from the 
bottom upward, the gas is carried into the sink head. But if the 
freezing takes place above molten metal and this gas collects, there 
will be a gas pocket which will cause trouble. 

If considerable gas is present, a number of small bubbles will 
probably form just below the skin of the ingot and escape outward, 
leaving tiny ‘worm holes.” The holes are usually oxidized and 
cause surface seams on forging or rolling. The eztent of these 
seams are dependent on the depth of the gas “worm holes.” 

Cracks. If the surface of the ingot is not properly designed 
or the surface of the mold is rough or full of holes, natural contrac- 
tion cannot take place and the ingot will crack. 

Solidification begins about various centers which are at the 
lowest temperature, which results in the formation of crystal 
skeletons. These skeletons rapidly develop branches which be- 
come more and more coated with crystallizing matter until the 
whole resembles a tree or is, as it is termed, “dendritic.” 

In the case of an ingot the formation of a number of dendrites 
proceeds simultaneously from the chilled surface of the iron mold 
until they interlock and the whole material is solid. Impurities, 
having the lowest freezing temperature, will be carried in the 
mother liquid until final solidification, when they will be trapped 
between the dendritic branches. 

If the dendritic formation proceeds from two surfaces it forces 
the non-metallics in the molten material to their extremities, until, 
when the dendrites interlock, a plane of inclusions is formed. 

This plane of inclusions is a plane of weakness and can be the 
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cause of a serious crack in an ingot and the forgings therefrom; 
and it is for this reason that the shape of the ingot mold, as regards 
surface, is designed so carefully, in order to obtain the maximum 
cooling surface with the minimum of corner segregation. 

Slag Lines and Ghost Lines. “Ghost line” is a rather in- 
definite term applied to a frequently encountered defect. Ghost 
lines are streaks varying in composition from the major portion 
of the metal and usually containing slag impurities. They usually 
show up in the machined surface of the forging as light or dark 


Fie. 2. Guost LINES IN THE MACHINED SURFACE OF A SHAFT 


marks, depending on the angle at which the light strikes the ma- 
chined surface. As mentioned before, the material in these lines 
differs in composition from the rest of the steel, being usually 
very low in carbon and high in phosphorus. These lines differ 
in hardness from the surrounding material, which causes the tool 
to jump in machining and the lines to show. The depth of these 
marks is usually very small, so that with a very slight removal 
of material they disappear. However, when present they usually 
occur in many groups, and when one is removed, another appears. 

The danger from these lines is a much-debated question. It 
can be safely said that in straight tension the strength of the ma- 
terial containing the lines differs little, if at all, from that of adjacent 
material containing no lines. However, the action under reversed 
stress is another matter, and that under temperature changes ap- 
pears to the author to be detrimental. Being of radically different 
composition, the expansion and contraction are different from 
what they are in the surrounding material. It is because of these 
two unknown variables, reversed stresses and temperature varia- 
tions, that ghost lines are prohibited in high-class equipment. 

Fig. 2 shows the machined surface of a shaft illustrating a bad 
condition of ghost lines. 


FABRICATION DEFECTS 


Defects due to fabrication may be classified under the following 
heads: 1, Laps; 2, Star cracks; 3, Clinks; 4, Improper re- 
duction; 5, Heat treatment. 

Laps. Laps are the folding over of the surface of the metal 
in the forging operation. This type of defect is usually due to 
working the metal too much in one direction before rotating it, or 
to the use of improper forging dies. It can also oceur with proper 
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working and die equipment if the shape of the ingot surface—the 


In large forgings this type of defect is usually not serious, as 
the amount of stock left to be taken off the rough forging in the 
machining operation is usually sufficient to remove all traces of the 
lap. However, the surfaces of a lap are covered with a scale which 
is folded under, and the lap may be so severe as to cause actual 
tearing of the metal. It is purely a case of bad forging practice 
and should be looked upon with suspicion, as other poor practices 
often accompany it when it is allowed to exist. 

Star Cracks. Star cracks, so called from their most familiar 
shape, are another form of bad forging practice. They are formed 
in the center of a shaft and are usually not seen unless the shaft 
is bored. The common cause of this type of failure is forging 
after insufficient heating, that is, working the hot outer portion 
over the cold center and causing it to fracture. 


Fig. 4 Fracture oF ParTIALLY ForGep INGot as a RESULT oF INTERNAL 
SrrREss 


Forging a large section on too small a hammer or press, or forging 
it down round instead of square as far as possible and then rounding 
it up, can also produce these defects. 

Clinks. Clinks are one of the greatest possible dangers in 
the making of large forgings, and while they are not necessarily 
produced by bad practice, they are the result of not exercising 
proper care. 

In the casting of large ingots or even small ingots of alloy steels, 
enormous stresses are set up in the cooling. If this cooling is al- 
lowed to extend below about 1000 deg. fahr. without being equal- 
ized, these stresses usually reach such a point as to cause rupture. 
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It is therefore considered good practice not to allow a large ingot, 
or the forging from it, to cool completely until it has been heated 
uniformly to above the critical temperature of the material. 

It is obvious that it is often impossible to get the cycles of opera- 
tions to come so that they will allow the completion of the forging 
before cooling. It is often necessary to ship ingots to other plants 
for the forging operation, but in all such cases they should be an- 
nealed to relieve the casting strains. 

On reheating an ingot, the rate of heating until the center portion 
has passed the temperature of 1000 deg. fahr. should be very slow, 
otherwise the expansion of the outer portion will cause a clink. 

The reheating of a forging which is partially forged and the 
equalizing of the temperature of the finished forging are operations 
which demand the greatest of care and experience if this class of 
defect is to be eliminated. The occurrence of clinks increases with 
the size of the work and the use of the denser alloy steels. 

Fig. 3 shows two shafts which have been cut in two and which ex- 
hibit the clink type of defect. A comparison between the defects 
in this illustration and those of Fig. 1 clearly shows the different 
characteristics of these two types of defects. The defects due to 
pipe have a coarse-grained, heavily oxidized surface, while the clinks 
exhibit a clean rupture of solid metal. 

Fig. 4 shows a piece of partially forged ingot which has ruptured. 
This ingot, which was 23 in. in diameter, was heated and forged 
to approximately 21 in. square; the ingot corrugation can still be 
seen at the corners. This piece of material cooled down and was 
set to one side with no care being exercised to relieve the strains 
set up by the heating and slight forging. Six months later it 
fractured as shown as a result of internal stress. The material 
was perfect, containing no flaw of any nature. 

Improper Reduction. The major object in forging a piece 
of steel is to break up the grain size found in a steel casting and to 
increase the density and homogeneity of the material. 

To accomplish this the original area of the ingot must be reduced. 
In order to gain the maximum advantage this reduction should 
be in a direction at right angles to that in which the maximum stress 
will be applied in the finished article. Furthermore, the physical 
tests made to determine the characteristics should be taken at a 
position to determine this condition of maximum stress. 

Reduction causes the dendritic crysta!lization and the secondary 
crystallization to be elongated at right angles to the applied force. 
This produces what is commonly termed “fiber,” and greatly 
increases the physical properties in the parallel direction but at 
considerable sacrifice to the transverse ductility. 

It is for this reason that ring forgings are forged by expanding 
over a mandrel and tested tangentially. While it is impossible 
to work some material, such as turbo rotor shafts which are stressed 


‘ and tested radially, by expansion, the Allis-Chalmers Company 


has found that by proper heat treatment a fairly large reduction, 
with its accompanying advantages, can be made with no sacrifice 
in strength or ductility in any direction. 

Because of the fibering of the structure of forgings, care should 
be exercised that a change of dimension in the forging operation 
is made by a flow and not by a sharp cut-off. If the flow of ma- 
terial is not obtained a weakness at the points of changes in diameter 
is experienced. 

Heat Treatment. Defects due to the heat treatment of forg- 
ings is one subject which would demand many pages for its con- 
sideration, even in very rough outline. However, there are several 
major points of caution which can well be mentioned. 

Any heat treatment should be applied only after all forging opera- 
tions have been completed. 

The heating and cooling should be uniform and applied to the 
entire mass, eliminating all possibilities of local heating or cooling 
of any part. 

In large forgings the effect of mass must be considered, and time 
must be allowed for the complete penetration of the heat. It should 
be appreciated that there is a certain amount of inertia present 
which resists structural changes, and that the larger the mass, 
the greater will be the length of time necessary to accomplish any 
change. 

Any heat treatment that obtains high physical strengths but 
leaves the material in a highly stressed condition, should be avoided. 
A uniform distribution of the microscopic constituents in as 
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fine a size as possible should be the desire, in order to prevent 
cleavage planes of weakness. 

The Allis-Chalmers Company has found that to secure good 
large forgings the following precautions must be taken, not on one 
or two forgings but on each and every forging. 

The ingots used for making the forgings must be made under 
careful supervision as to material melted, method of melting, tem- 
peratures obtained, pouring conditions, and mechanical handling. 

The forging operations are closely controlled as to the heating 
and forging. The forge department is apprised of the stresses 
under which the finished piece will operate, in order that it may get 
the maximum results attainable by reduction and heat treatment 
before making the forging. 

The physical tests are so made as to be representative of the forg- 
ing, and in such a manner as to check the operating stresses in the 
finished machine. 

The heat treatment and chemical characteristics are checked by 
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Fie. 6 Periscope or Fig. 5 1n Use 


careful microscopic examination and analysis before the forging 
is released by the metallurgical department. 

All laps, cracks, seams, or surface defects are completely chipped 
out before the piece is machined. Great care is used to see that al! 
traces of the defect are removed, even to the extent of etching and 
examining with the microscope. In defects of this kind there is great 
danger that the metal at the base of the visual crack will be found 
to be distorted or microscopically ruptured, and if such material 
were allowed in service, there would be risk of fatigue failure. 

All shafts over 9 in. in diameter have an exploratory hole (1'/, 
in. in diameter or larger) for use in periscopie examination. 

There are several types of periscopes for this work, but the one 
which has been used with success for the past ten years is shown 
in Figs. 5 and 6. 

This instrument consists of a brass tube, the inner end of which 
contains an electric light for illuminating the bore, and a reflecting 
prism. The outer end has a focusing telescope, the object of which 
is to bring the image up to the eye, and not to magnify it. Thi: 
equipment allows the slightest flaws to be detected within the bore 
of the shaft. 

It is believed that with the careful observations as outlined above. 
large forgings today offer the best means of securing homogeneous 
material. However, a full understanding of the nature of defects 
and their reference to operating stresses should be thoroughly 
understood by all operating and designing engineers. It is this 
neglect to realize the limitations of large forgings which has caused 
them, through failures, to fall into disrepute; while in reality they 
are today one of our most uniform materials of construction. 
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Formulas for Computing the Economies of Labor- 
Saving Equipment 


By JAMES A. SHEPARD,! MONTOUR FALLS, N. Y., AND GEORGE E. HAGEMANN,? NEW YORK, N. Y. 


The engineer and manufacturer have heretofore been without correct 
and adequate means for measuring the relative economies of two or more 
industrial operations or installations of equipment. Proposed new appa- 
ratus might indicate a saving in manual labor, but this did not guarantee 
that it could be profitably substituted for machines or devices in use at the 
time. Such formulas as existed to determine this latter point were too 
complicated to be easily applied and generally used. 

The present paper, following that of a year ago when the first engineering 
attack was made on the problem, develops five simple equations for de- 
termining the economies of an installation of labor-saving equipment 
They show the maximum investment which will earn simple interest; 
the yearly cost to maintain the mechanical equipment ready for operation; 
the yearly profit, in excess of simple interest, from the operation of the 
equipment; the yearly profit from operation, in per cent on investment; 
and the years required for complete amortization of investment out of earn- 
ings. The method of applying these formulas, the evaluation of their 
carious factors, and the correct assumption of bases, are explained in de- 
tail. The calculation of a labor-burden account, as distinct from the 
ordinary factory-burden account, and the transfer of certain items from 
the regular burden account to a special productive-labor-payroll account 
are recommended and explained. Standard forms to systematize in- 
vestigations are worked out. 


HE modern conception of engineering has broadened the 

engineer's field of activity to include responsibility for 

economic as well as technical achievements. It is essential, 
therefore, that dependable and convenient methods for economic 
research be furnished him; also that provision be made in our ac- 
counting systems for developing economic information to enable 
him to predict the results which will follow the adoption of his 
recommendations. 

Periodic shortage of industrial labor, its rapidly increasing direct 
cost, and an indirect cost of considerable magnitude incidental 
to its employment under modern factory conditions, render accur- 
ate methods for analyzing its economic relation to mechanical 
aids and substitutes a matter of prime importance. Under the 
relatively simple organization of our industries a generation ago, 
comparative efficiency estimates, based upon the exercise of per- 
sonal intuition or judgment, may have closely approximated reality. 
The relatively complex organizations which present-day conditions 
make essential usually render such crude processes of estimating 
inadequate and inaccurate. 

A survey made for the purpose of finding out what current prac- 
tice was followed in evaluating labor saved by improved organiza- 
tion or mechanical equipment, brought out the facts that: 

1 There is in use no adequate or generally accepted method 
for estimating the comparative economic value of alter- 
native industrial processes, or for evaluating labor saved. 
2 Individual practice usually approximates one of two widely 

divergent methods. The one most frequently employed 
estimates the value of labor saved at its base or payroll 
rate, with no contingent addition. The other, more 
rarely used, but growing in favor because of the palpable 
inaccuracy of the first, estimates the value of labor saved 
at the payroll rate plus full factory burden. The range 
of variation in practice which has been observed between 
these two methods is as high as 500 per cent. 

Common procedure having failed to produce any foundation for 
an adequate system of industrial economic analysis, it becomes 
necessary, in view of the obvious needs of the engineering profession 
and of industry, to build up a suitable system. As might be ex- 


1 Vice-President, Shepard Electric Crane and Hoist Co. Mem. A.S.M.E. 
? Associate Editor, Management and Administration. Mem. A.S.M.E. 
Contributed by the Materials Handling Division for presentation at the 
Spring Meeting, Milwaukee, Wis., May 18 to 21, 1925, of Tue AMERICAN 
Socrery or MECHANICAL ENGINEERS. All papers are subject to revision. 


pected, there is not unanimity of opinion as to the requirements 
for such a system. 

It is admitted that the basic principles involved have been 
identified previously, and that there are extant formulas which, 
when skillfully applied, are capable of solving the economic prob- 
lems of both engineering and industry. Experience has proved, 
however, that it is impracticable for any except economic specialists 
to employ successfully the methods heretofore available. As a 
matter of fact, a generation, during which their necessity has been 
appreciated, has not brought them into practical use in industry 
to any great extent. While it is possible for the engineer to use 
them, it is improbable that he will in general do so. 


ELEMENTS FoR INDUSTRIAL Economic RESEARCH 


The following elements are considered requisite in making up a 
system for industrial economic research adapted to the needs of 
the engineer: 

1 Formulas adapted for integrating in a single equation the 
factors involved in usual industrial economic problems 
Standardized values for all economic factors which are 

capable of standardization 
3 Standardized methods for developing the values of economic 
factors which are variable 
4 Standard forms to afford a uniform procedure in economic 
research, and to reduce the clerical work involved 
5 Standard forms for summarizing economic data so as to 
constitute a uniform and thus comparable record. 

The details of the system should show the entire process of 

analysis in a manner easily checked, corrected, or modified. 


2 


THE System RECOMMENDED 


The formulas reported to the Materials Handling Division by 
a Sub-Committee during the Spring Meeting at Montreal in 1923 
possess advantages which led to their approval by the Committee 
for the following reasons: 

1 They are so composed as to develop in five simple equations 
all facts usually required 


2 Unlike other methods available, both debit and credit 
factors are utilized. Hence the formulas give results in 
terms of net performance 

3 The factors employed generally represent a single element 


of value. They are composite only where, in current 
practice, familiar elements are combined and are closely 
related. Standardized values may therefore be readily 
and accurately applied 

4 They combine flexibility with mathematical exactness 
in a degree not heretofore possible. 

In their original form, in deference to established methods of 
cost accounting, the credit factor ‘7’, yearly saving in fixed charges, 
operating charges or burden, in dollars,’ was made to cover in- 
direct costs arising from the employment of both labor and me- 
chanical equipment. It has been found desirable to separate this 
factor into two elements, as follows: 

T. = yearly saving in labor burden, in dollars 

T. = yearly fixed charges, in dollars, on mechanical equip- 
ment employed as a standard of comparison, or which 
will be displaced. 

T. therefore represents the difference in indirect cost of labor 
(labor burden) between the two processes which are under com- 
parison. 

T. represents the aggregate value of A + B + C + D, expressed 
in dollars, applied to mechanical equipment which is being used 
as a standard of comparison or which will be displaced. 


ForMULAS FOR COMPUTING THE EcoNoMIEs oF LABOR-SAVING 
EQUIPMENT 


The formulas for computing the economies of labor-saving equip- 
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ment are presented for adoption in the following modified form: 


Let: 
(A = percentage allowance on investment 
B = percentage allowance to provide for insurance, 
taxes, etc. 
Debit | (© = percentage allowance to provide for upkeep 
Factors | D = percentage allowance to provide for depreciation 
and obsolescence 
| E = yearly cost of power, supplies, and other items 
\ which are consumed, total in dollars 
(S = yearly saving in direct cost of labor, in dollars 
T. = yearly saving in labor burden, in dollars 
Credi T. = yearly fixed charges, in dollars, on mechanical 
equipment employed as a standard of compari- 
Factors | son or which will be displaced 
U = yearly saving or earning through increased pro- 
duction, in dollars 
X = percentage of year during which equipment will 
be operated 
I = initial cost of mechanical equipment 
K = wnamortized value of equipment displaced, less 
its resale or scrap value 
(Z = maximum investment, in dollars, which will 
| earn simple interest 
| Y = yearly cost to maintain mechanical equipment 
| ready for operation (fixed charges) 
_. V = yearly profit, in excess of simple interest, from 
Results } operation of mechanical equipment 
| P = yearly profit from operation, in per cent on 
| investment 
| H = years required for complete amortization of 
investment out of earnings. 
Then 


S++ 
A+B+C+D 


V = ((S+T.+U—E)X + [¥ + (KA)].. [3] 


I 

_ 100 per cent . 


VALUATION FOR Desir Factors OF THE FORMULAS 


The debit factors A, B, C, D, and E employed in the formulas 
are capable of having arbitrary valuations assigned to them when 
related to definite classes of materials handling or other mechanical 
equipment. The Committee is now engaged in standardizing these 
values. When this work is completed the use of these standards 
will avoid the employment of improvised, and consequently erratic, 
values, and will tend to make analyses, conducted according to the 
proposed system, of standard composition and hence truly com- 
parable. 


VALUATION FOR CREDIT FACTORS OF THE FORMULAS 


The credit factor ““S, yearly saving in direct cost of labor, in 
dollars,” must of course be developed by a detailed analysis of the 
processes under investigation. The hourly saving in labor, valued 
at the base or payroll rate, should be multiplied by 2400 working 
hours (300 eight-hour days) to develop the saving for a full year. 
This value, with other credit factors, becomes adjusted to the actual 
conditions when modified by the factor ““X, percentage of the year 
during which the equipment will be operated.” 

The credit factor “7'., yearly saving in labor burden, in dollars,” 
as already explained, represents the difference in indirect cost of 
labor required by alternative processes. Details of the indirect 
expenditures which are elements of this factor are given later on 
in this paper. 

The credit factor ‘‘7., yearly fixed charges, in dollars, on me- 
chanical equipment employed as a standard of comparison, or 
which will be displaced,” is the aggregate value A + B + C + D 
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expressed in dollars. The total of these factors appears in the 
formulas as a credit, opposed to the equivalent aggregate of the 
same factors applied to the alternative mechanical equipment as 
a debit, expressed in per cent. 


Irems WuicH ARE ELEMENTS OF AND 7’, 


In the employment of either labor or mechanical equipment 
under factory conditions there are two separate classes of expense, 
direct and indirect. Direct expenditures, as a rule, may be readily 
determined. Indirect expenses are more difficult to identify. 

One manufacturer who has made a careful analysis of the in- 
direct expenses incidental to the employment of factory labor for 
the year 1923, determines the average ratio of indirect expense 
to payroll, for his entire plant, at 58.6 per cent. Since the condi- 
tions in this factory were fairly representative of its class, it is 
evident that any system which evaluates labor, whether labor used 
or labor saved, at the base or payroll rate, with no addition for 
indirect expenses, results in substantial error. 

In arriving at the cost of labor used it is now customary to add 
to the payroll rate, as overhead expense or burden, a percentage 
sufficient to cover all indirect expenses. In recognition of the error 
arising from a failure to make a suitable addition in the case of 
labor saved, some have adopted the practice of adding for labor 
saved an amount equal to that added for labor used. It is true 
that the cost of labor is substantially the same, whether it is labor 
used or saved. Hence if the overhead, or burden percentage, were 
composed exclusively of items which are incidental to the employ- 
ment of labor, it would be, when added to the payroll rate, a true 
measure of the value of labor, whether used or saved. 

Unfortunately for such a purpose, however, cost-accounting sys- 
tems do not usually develop as burden an amount covering simply 
the indirect cost of labor, because of the equal necessity for pro- 
rating to product, in terms of percentage added to productive labor, 
the direct and indirect expenses of the factory equipment, as wel! 
as a variety of other expenses which can be thereby more accur- 
ately, or conveniently, distributed into the cost of product. As 
a consequence factory burden, as currently accounted, covers not 
only the indirect cost of labor but also taxes, insurance, deprecia- 
tion, maintenance, and all other fixed charges against plant and 
equipment; the cost of power, heating, lighting, etc.; and the 
payroll pertaining to all labor classed as non-productive. Accord- 
ingly we have, by using present accounting methods for our pur- 
pose, two primary sources of error in the burden account when 
setting a value on labor saved: 

1 The burden account is excessive as a measure of the indirect 
cost of labor, because it contains much that is irrelevant 
to labor costs 

2 A portion of the productive labor has been classified as 
non-productive, and has been charged to the burden 
account instead of to the productive-payroll account: 
that is, the productive-labor account does not cover al! 
of the labor which is truly productive. 

As an expedient in accountancy it is entirely rational to classify 
as non-productive certain labor which is in fact productive. The 
work of yard men, truckmen, crane operators, and all others who 
handle materials cannot in some instances be charged directly tv 
product. Hence such labor is properly classified as non-productive 
for accounting purposes, and is made a part of factory burden. 
It is irrational, however, to employ a factory burden thus composed 
as a measure of the incidental cost of labor. It is equally irrationa! 
merely because certain labor has been given a fictitious classifica- 
tion for accounting purposes, to give it a similar fictitious valuation 
in an efficiency study. 

In a plant or department having a burden rate of 100 per cent 
a workman who receives 70 cents per hour cannot properly be said 
to cost $1.40 per hour when operating an engine lathe upon product, 
and but 70 cents per hour when repairing this engine lathe. Charg- 
ing the labor at the varying rates may produce accurate final results 
in accounting the cost of product, but it fails completely as a means 
for developing the true cost of the labor performed, or saved. 

From the foregoing explanation it becomes clear that to meet 
the needs of the engineer in arriving at a value for labor saved by 
a revision in processes, or by improved mechanical equipment, 4 
new factor must be developed by the cost accountant which shall 
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include all items of expense incidental to the employment of labor, 
and which shall exclude all items of the factory burden which are 
irrelevant to the employment of labor. It is suggested that the 
new factor be differentiated in name, as in composition, by calling 
it ‘Labor Burden.” 

As a practical illustration of the relation which labor burden 
may be expected to bear to factory burden, a comparison is given 
here, developed by a manufacturer according to the methods above 
suggested, and based upon the conditions prevailing in his plant 
for the year 1923. 


Total of factory-burden account 


Total of regular productive payroll 
$417,036.70 
$280,585.05 
Total of labor-burden account 
~ Total of special productive payroll 
_ $170,757.71 
$290,947.51 
Labor burden 


= 148 per cent 


Labor burden 


= 58.6 per cent 


Relative ratio = 


The figures given are an average for the entire plant, and were 
developed for the purpose of showing the wide difference between 
factory burden and labor burden. Current practice in developing 
separate burden values for each department of the factory, while 
equally applicable in the case of the labor burden, is not considered 
equally necessary. 

Factory burden may vary widely. Variations exceeding 400 
per cent between departments of a factory or in different industries 
are not unusual, owing to the wide differences in the relation which 
fixed charges (such as taxes, insurance, depreciation, maintenance, 
etc., upon buildings, machinery, and tools) bear to the productive- 
labor payroll. Fixed charges upon plant represent an important 
element of factory burden, hence relatively high factory-burden 
rates follow when the relation of investment in plant and equip- 
ment to productive payroll is high. They are relatively low when 
the relative investment in plant and equipment to productive 
payroll is low. 

The items of indirect expense which go to make up labor burden, 
being independent of the physical surroundings under which the 
labor is performed, and arising purely out of the organization and 
related factors necessary for the direction and control of labor, 
may be expected to remain fairly uniform under a given type of 
organization. Such differences as are to be expected would arise 
principally through a varying relation between the relative elab- 
orateness of organization conventional in a given line of business, 
and the relative wage scale. Experience seems to indicate, however, 
that the more highly skilled and hence highly paid trades generally 
demand a more elaborate and hence more costly organization for 
their guidance, and that accordingly the percentage which labor 
burden bears to payroll may not be subject to much variation in 
correctly organized industries of a given class. 

The development of the exact labor burden pertaining to an 
industry, or to any department of an industry, is a simple matter 
in case extreme exactness is desirable. Labor burden may be 
developed from the same accounting which develops factory burden, 
values of the items which are chosen to compose the labor burden 
being carried to an extra column so as to form a separate total. 

An important difference in the functions performed by factory 
burden and labor burden should not be overlooked in choosing items 
which are to be included in the latter. Factory burden represents 
an average ratio which a certain class or group of expenditures 
bears to productive labor in making up the cost of a given product 
or service. Hence a high degree of exactness in reflecting actual 
factory conditions at the time the work is done is essential as a means 
of developing actual factory costs at that particular period. Labor 
burden also represents an average ratio which a restricted class 
or group of expenditures, incidental to the employment of labor, 
bears to productive labor. Since those items of expense are already 
elements of factory burden, they have no further significance in 
the accounting system except as a guide for the future in estimating 
the prospective cost of similar elements of expense, under modified 
conditions. Accordingly a high degree of present exactness is not 
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essential, whereas the closest possible approximation to average 
conditions which may be expected through a series of years is de- 
sirable. 

The common expedient of rejecting in the accounting an item 
of economy because it cannot be realized immediately, is not 
applicable in making up labor burden. The broad principle that, 
in the long run, incidental expenses will rise and fall proportionately 
with the productive payroll, becomes applicable. 


IreMs RECOMMENDED FOR A LABOR-BURDEN ACCOUNT IN THE 
MetTAL TRADES 


When making up a labor-burden account, variations will be 
necessary to meet the requirements of different kinds of industries. 
The one here presented is fitted to the needs of the metal trades. 
The Materials Handling Committee will compile lists for other 
trades as rapidly as possible. 


Factory supervision 

Foremen and assistants 

Employment department 

Factory accounting departments 

Factory stenographers and clerks 

Safety department 

Stores office 

Entire Cost, with | Tool storage 
the exception of | Production department, including all sub- 
percentage divisions 
assessed to non- « Traffic department 
productive de- Employees taking inventory 
partments Extra compensation for overtime, etc. (if ac- 
counted as an item of burden) 

Watchmen, gatemen, and ushers 

Instruction to apprentices 

Cleaners, oilers, and porters 

Cleaningand miscellaneous work by productive 
workmen 

All other similar expenditures. 


Factory supervision should not be construed to cover super- 
vision of the drafting room when it is a factory department. Fore- 
men and assistants in non-productive departments such as tool 
room, pattern shop, development work and plant-improvement 
work, should be excluded from the special burden account. 


Accident compensation insurance 

Sick benefit and employees’ relief 
Employees’ death benefit 

Shop vacation allowances 

Maintenance of hospital, cafeteria, club, and 
) welfare activities 

Gratuities 

Defective work and other losses due to errors 
Complaints and correction of product 
Factory office supplies 

Miscellaneous factory supplies 

All other similar expenses. 


Entire Cost 


{ Building rental 

| Factory insurance 

| Fire department 

Factory taxes 

Maintenance of land and factory buildings 
Factory depreciation. 


Part Cost 


In assessing the percentage of insurance, fire department, taxes, 
maintenance, and depreciation, that percentage of the total cost 
should be included in the labor burden which will represent the 
proportion of: the occupancy of the building by workmen as compared 
to other types of occupancy. 

Since the regular productive payrolls do not ordinarily cover all 
of the labor which contributes toward production, the following 
classes of labor, often accounted as non-productive as far as they 
are included in the regular burden account, should be transferred 
from the regular burden account to the special productive labor 
payroll: 


| | 
s 
yt 
i- 
d 
r- 
ct 
nt : 
as 
el 
it; 
all 
he 
ho 
to 
ive 
en. 
sed 
nal 
ca- 
jon 
— 


406 


IremMs RECOMMENDED TO BE TRANSFERRED FROM REGULAR BURDEN 
AccouNT TO SpectAL PropuctTive-LABOR PAYROLL 


Railway crews 

Materials-handling and miscellaneous labor 
Stores department materials-handling labor 
Auto truckers and helpers 

Entire Payroll Inspectors 

Receiving and disbursing raw stock 

Crane and elevator operators 

Shipping department 

All other similar labor. 


The following classes of labor, as far as they are included in the 
regular productive payroll, should be deducted in order to develop 
the special productive labor payroll: 


IreMs RECOMMENDED TO BE DepucTED FrRoM REGULAR PrRopvuc- 
TIVE PAYROLL TO DEVELOP THE SPECIAL 
PRODUCTIVE-LABOR PAYROLL 


Drafting room 

Tool room 

Pattern shop 

All development work 

All plant improvement work. 


Entire Payroll 


The percentage which the labor-burden total bears to the cor- 
rected or special productive-labor-payroll total will represent the 
labor burden in the form of a percentage to be added to all pro- 
ductive labor. This process will develop a general labor-burden 
percentage. Where the burden accounting is departmentalized, 
asimilar process conducted 
for each department will 
develop the departmental 
labor burdens. 

A method which has 
been found convenient for 
developing labor burden 
consists in providing addi- General 
tional columns on the 1 
analysis sheet so that items 
may be transferred, as far 
as desired, from the regular 
burden account to these 
extra columns to form the 
labor-burden account. 
‘The values for both ac- 
countings are thus de- 
veloped in parallel. A 
specimen form for such 
work is given in Table 1. 


Indirect Manufacturing Expenses 


Supervision, cost, employment, pro- 
duction, watchmen, cleaners, over- 
time, stores office, etc............... 
Supplies, misc. expense, etc.......... 
Accident compensation, hospital, sick 
Purchasing, receiving, unassignable, 
freight, express and cartage.......... 
Telegraph, telephone, traveling, etc... 
Insurance, taxes, depreciation........ 


wb 


Departmental Service 


NECESSITY FOR A CORRECT 1 Small tools, maintainance, and re- 

ASSUMPTION OF BASES placements to tools and jigs, etc..... 

2 Auto truckers, helpers, stock room... 

Experience in the use of 
the formulas for comput- a 

ing the economies of 


labor-savingequipment in- Power Plant 

dicates that a correct as- Operating labor...................- 
sumption of bases upon Fuel and other supplies............. 
sis is to be conducted 
is equally vital with the 


subsequent mathematical Direct Departmental Expense of Machine Shop, 


treatment. Thefollowing Assembly Shop, etc. 

suggestions are offered as 1 Foremen, despatchers, cleaners, over- 
have been found prefer- Inspectors, laborers, stock, distribu- 
able. 


Defective purchased material and 
Insurance, taxes, depreciation........ 
Maintenance, land and _ buildings, 
machinery, tools, patterns, etc....... 


1 The valuation for 
the factor J should cover 
the complete cost of me- 
chanical equipment, in- 
cluding special tools, dies, 
jigs, or other special ap- 


aon bv 


MECHANICAL ENGINEERING 


Vou. 47, No. 5 


paratus; also motive power, in case the motor or other driving 
agency is a part of or direct connected to the equipment; also cast 
of installation. 

2 The proposed equipment (called No. 1 Equipment on the 
analysis form, Table 2) should be assumed to operate for as great 
a percentage of the standard year of 2400 hours (any other number 
of hours may be substituted) as conditions will justify. 

The function of the factor X in the formulas is to separate time 
during which the equipment under analysis is in operation pro- 
ductively, and therefore profitably, from idle time during which 
it is under fixed expense but non-productive. Therefore X; should 
be assumed at the closest approximation to 100 per cent which will 
reflect actual conditions. 

For instance, suppose that we are analyzing the comparative 
efficiency of a machine tool which is to operate upon an item of 
product not required in sufficient quantity to occupy the equipment 
full time for a standard year, but the machine is capable of operating 
upon other items of product also, at approximately equal efficiency. 
The problem may be solved most conveniently by arbitrarily con- 
sidering the full range of jobs as one, and extending the operating 
time to a full year for the main work under analysis. 

As an alternative which will eliminate all errors made in an 
approximation like the above, each of a group of operations, which 
will together occupy the machine for a full year, may be analyzed 
individually, with the value of X, developed for each separately. 
The analysis for each item of the product should then be conducted 
according to the formulas, except that the percentage representing 
the value of (A + B + C + D) should first be multiplied by X,, 
this product being employed in the equations. The total of all 
results will then represent the true efficiency for the year’s operations. 


TABLE 1 SEPARATION OF FACTORY BURDEN AND LABOR BURDEN 


Factory-Burden Account Labor-Burden Account 


Total Total Transferred 
Non-productive Other regular labor to productive 
payroll expense burden burden payroll 
(Col. No. 1) (Col. No. 2) (Col. No. 3) (Col. No. 4) (Col. No. 5) 
$ 69,552.24 744.39 70,296 . 63 59,752.13 
25.33 10,307 .64 10,332.97 8,783 .02 
13,665 .25 13,665 .25 11,615.46 
6,890.64 1,878.78 8,769.42 
8,040.87 8,040.87 
9,809 .76 9,809.76 3,269.94 
1,586.58 1,353 .29 2,939 . 87 2,498.88 
736.11 736.11 736.11 
$ 78,790 90 $ 45,799.98 $124,590 88 §$ 85,919.43 $ 736.11 
13,608.61 18,100.87 31,709.48 
12,440.89 3,109.95 15,550.85 3,103.95 12,440.89 
7,284.26 72.51 7,356.77 7,356.77 
$ 33,333.76 $ 21,283.33 $ 54,617.09 $ 10,466.72 $12,440.89 
6,682.14 6,682.14 
15,730.11 15,730.11 
905.41 983 .50 1,888.91 
3,886.10 3,886.10 
$ 7,587.55 $ 20,599.71 $ 28,187.26 
35,702.11 665.62 36,367 .73 36,367 .73 
36,862 . 26 2,496 .00 39,358 . 26 2,496 .00 36,862.26 
745.45 18,595.19 19,340.64 19,340.64 
19,053 .25 19,053 . 25 
39,556.33 39,556 .33 13,458.58 
17,647 .86 6,084.77 23,732.63 2,708.61 
$ 90,957.68 $ 86,451.16 $177,408.84 $ 74,371.56 $36,862 . 26 
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If it is not found possible 
to make the group of op- 
erations cover a full stand- 
ard year, then a correct 
result will be obtained by 


taking the factor /,(A + 
B+ C + D), multiplying 


Direct Departmental Expense of Drafting 
Room, Tool Room and Pattern Shop 

1 Supervision, foremen and other labor. 22,506.75 22,506.75 

3 Insurance, taxes, depreciation........ 4,552.54 4,552.54 

659 . 92 499.38 1,159.30 
$ 23,166.67 $ 9,065.96 $ 32,232.63 

Total Manufacturing Expense.......... $233,836.56 $183,200.14 $417,036.70 $170,757.71 $50,039.26 


it by the percentage of a 
standard year during 


Footing No. 1 Footing No. 2 Footing No. 3 Footing No. 4 Footing No. 5 


DEVELOPMENT OF Factory BURDEN 


Total of all factory payrolls.................000% 


Less total of non-productive payroll, Footing No. 1. 


Difference = regular productive-labor payroll = Footing No. 6 
Total of Factory-Burden Account, Footing No. 3 


_ $417,036.70 


Factory Burden = 


Total of Regular Productive Payroll, Footing No.6 $280,585.05 


DEVELOPMENT OF LABOR BURDEN 


Regular productive payroll, Footing No. 6........ 
Less drafting, tool, pattern and plant-improvement 


280,585 .05 displaced (No. 2 Equip- 
39,676.80 ment in Table 2) would 
$240,909.25 produce an output equal 
50,039 . 26 to the proposed new equip- 


Plus items transferred to productive-labor payroll, Footing No. 


Total of special productive-labor payroll, Footing No. 
Total of Labor-Burden Account, Footing No. 4 


$170,757.71 


Labor Burden 


Total of Special Productive Payroll, Footing No. 7 ~ $290,947 .51 


Ratio Labor Burden to Factory Burden = 39.6 per cent 


TABLE 2 


COMPARATIVE ECONOMIC ANALYSIS NO. 3 


Showing values for Z, V, P, and H as per formulas recommended by A.S.M.E. Committee. 


It is assumed that the use of No. 2 equipment is generally accepted practice, while No. 1 is under exam- 


ination for comparative economic efficiency. 


The factor K should be given zero value unless No. 2 is in 


use and would therefore be displaced by No. 1 with a corresponding capital loss. 


No. 1 (designated by subscript numeral 1): 


1 Semi-Automatic Turret Lathe. 


Cost $6100; operating 


2280 hours per year; requires 1 operator; hp. fequired, 5; cost of power, 3 cents per kw-hr; reduced oc- 


cupancy of buildings valued at $115. 


Operated for Equal Production in Comparison with 


No. 2 (designated by subscript numeral 2): 2 Engine 


year; requires 2 operators; hp. required, 6; cost of power, 3 cents per kw-hr. 


in use. 


Average Values. None. 


Lathes. Cost, $4800; operating 4320 hours per 


This equipment is not 


Data REQUIRED FOR ANALYSIS 


No. 1 One Turret Lathe 1 year = 2400 hours No. 2. Two Engine Lathes 
One Number of units employed Two 

*X, = 95% Per cent of year employed (X) *X; = 90% 

A,= 6% Per cent on investment (A) A, = 6% 

Bi= 3% Per cent for insurance, etc. (B) B, = 3% 

C= 5% Per cent for upkeep (C) C2: = 5% 

D, = 10% Per cent for depreciation (D) D, = 7.5% 
Total = 24% Total = 215% 
EiX, = $ 250.00 Cost of power, etc. (E) E:2X: = $ 284.00 
2280 hr. at 60 cents $1368.00 Cost of labor (S) 4320hr. at 70 cents $3024.00 


80% of payroll $1094.40 Cost of labor burden (Ta) 80% of payroll $2419.20 
= $1464.00 Cost of fixed charges (Tr) I2(A2+B2+C2+ D2) = $1032.00 
Total for 95% of yr. $4176.40 Cost of operation Total for 90% of yr. $6759.20 
115.00 Value of increased production (U) none 
$6100.00 Cost of equipment qd) $4800.00 
Unamortized value of equip- 
ment less resale value (K) $1320.00 
VALUATION OF FACTORS 
24%=A+t+B+C+D 
E,i—E: = $ 250.00 — $ 284.00 = — $ 34.00 = E 
S—S: = $3024.00 — $1368.00 = $1656.00 = S 
‘ea —Tu= $2419.20 — $1094.40 = $1324.80 = T, 
Ti2 = $1032.00 = T, 
Ui— U: = $ 115.00 — none = $ 115.00 = U 
(2) Ya = (Ar + Bi + Ci + Did = $1464.00 = Y 
1; = $6100.00 = J 
K2 = $1320.00 = K 
* X is applied individually in Cases Nos. 1 and 2, hence 100% = X 
SoLuTIONS 
Z = Maximum Investment Which Will Return Simple Interest on Investment 
0] z=[ K = $17340.00 
V = Yearly Profit from Operation 
{3] V = ((S+ U— + T,] — [¥Y + (KA)] = $2697.80 


$514,421.61 
233,836.56 


$280,585.05 
= 148 per cent 


$290,947 51 


= 58.6 per cent 


which the equipment is 
idle, and deducting the 
product from the above- 
named aggregate effici- 
ency. 

The factor X_ should 
represent the percentage 
of a standard year during 
which the equipment to be 


ment (No. 1 Equipment in 
Table 2), not, however, ex- 
ceeding 100 per cent un- 
less operated during a day- 
and-night run. For day- 
and-night running the 
maximum will be 200 per cent, beyond 
which two or more No. 2 (displaced) 
Equipments must be assumed. If not 
operated during a night run, for per- 
centages above 100 it will be necessary to 
assume two or more No. 2 (displaced) 
Equipments. 

For day-and-night operation it is usual 
to make the valuation for the factors C 
and D 150 per cent of that employed for 
a day run only. 

3 The credit factor “U, yearly saving 
or earning through increased production, 
in dollars,” in the sense contemplated by 
the formulas is the valuation, actual or 
potential, where an increase in produc- 
tion is or will be required and the usual 
expedient of extending the plant and 
employing more workmen is thereby 
avoided. 

As an illustration: Two alternative 
processes show about equal efficiency on 
the usual comparative basis of equal 
production. One equipment, however, 
will be occupied 90 per cent of the time 
for required production. The other pro- 
duces the necessary volume of product 
operating only 60 per cent of the time. 
Even though not needed at once, the 
potential extra productive capacity of the 
second equipment to meet unexpected 
demand has a certain money value as an 
insurance of ample product. If the ex- 
tra productivity can be utilized, and an 
extra equipment and operator, with in- 
cidental building floor space, heating, 
lighting, etc. are thereby made unnec- 
essary, a very much higher money value 
for increased production becomes appro- 
priate. 

In those cases where a strictly lim- 
ited amount of product is required, and 
there are no accessory conditions which 
serve to give a potential or actual value 
to increased production, it may be neces- 
sary to give U a zero value. 


= 
ot 
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P = Yearly Profit in Per Cent on Investment 


V 
[4] P= T + A = 50.2 per cent 
H = Years for Complete Amortization of Investment Out of Profits 
100% 
{5} H P+D 1.66 years 


TABLE 3 SUMMARY OF ANALYSIS 
Estimated actual investment required for No. 1........... $6100.00 
Estimated excess investment in No. 1 over No. 2, h—In, 


Estimated yearly profit from operation No. 1 over No. 2, 
excess above simple interest......................... $2697.80 
Estimated value of reduced labor turnover............... 


Estimated yearly profit from operation of No. 1 over No. 2 
in per cent on investment, total. . +4 ; 50.2 % 


Estimated yearly profit from operation of No. 1 over _ No. 2 


in per cent on excess investment, I 
— 


Estimated time required to amortize entire cost of No. 1 out 


of earnings in excess of No. 2....... ‘ 1.66 years 
Estimated time required to amortize excess ‘eost of No. l 
H 
over No. 2 out of earnings in excess of No. 2, | ooo 0.33 vear 
1 


STANDARD Form TO AFFORD UNIFORM PROCEDURE IN CONDUCTING 
Economic RESEARCHES 


As a convenience to the engineer in conducting economic re- 
searches, to afford a readily readable record of the assumptions 
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and processes employed, to standardize 
the work and results so that they will 
be comparable with similar researches, 
to guide the research along correct lines, 
avoiding oversight or error, and to save 
time, the form for comparative economic 
analyses shown in Table 2 is submitted. 


STANDARD ForM FOR SUMMARIZING Economic Data 


The summary of an economic research shown in Table 3 reviews 
the factors which have an economic value, such as: 
Estimated capital required 
Estimated yearly profit over alternative 
Estimated profit in per cent on investment 
Estimated time required to amortize investment 
Estimated saving through reduction in labor turnover. 

It should also include practical considerations which may have 
no immediate money value, but which may nevertheless provide 
the ultimate weight of evidence for or against a given choice, such 
as: 

6 Estimated relative flexibility to adapt to unforeseen condi- 
tions or types of product 

7 Estimated relative continuity of service through relative 
durability, inherent reliability, or because of labor conditions. 

The formulas and analyses above presented furnish the engineer 
with a ready and accurate device by which he can measure the 
economies of present and proposed operating methods and equip- 
ment, and decide correctly and with certainty between alternative 
proposals. 


An Application of the Formulas for Computing 
Economies of Labor-Saving Equipment 


By GEORGE LANGFORD, JR.,! CHICAGO, ILL. 


In this paper the A.S.M.E. Materials Handling Division's formulas 
for computing the economies of labor-saving equipment are applied to the 
purchase and operation of an electric industrial truck in place of hand 
lift trucks. The type of work done by the electric truck 1s described, and 
this description is followed by an analysis of the saving its adoption effected 
and a detailed explanation of the practical features involoed in the evalua- 
tion of the various factors used by the formulas, together with a statement 
of the conclusions arrived at and of features beyond the scope of the for- 


mulas. 


Canada, May 28 to 31, 1923, and in MecHANICcAL ENGINEER- 

1nG for September, 1923, the Materials Handling Division 
of the Society submitted a group of formulas for computing the 
economies of labor-saving equipment. A number of formulas 
accomplishing the same results were then in existence, but were so 
cumbersome and required so much knowledge of the subject of 
economics that they were utterly unfitted for the practical use 
of the average engineer. 

The formulas evolved by the Materials Handling Division are 
designedly of extremely simple form and are very easily applied 
where there is a difference in labor by a new method as compared 
with an older method, whether it be some method or process, a 
material-handling device, or a machine tool. 

Hypothetical analyses using these formulas have been published 
several times before, but while these are both interesting and in- 
structive, an analysis of a practical application of these formulas 
may ‘perhaps be of more positive value. 

In December, 1924, the Belden Manufacturing Company of 
Chicago, Illinois, bought a type R-1 Wright-Hibbard elevating 
platform truck for use in their wire-drawing plant and magnet-wire 


A T THE Spring Meeting of the A.S.M.E. held at Montreal, 


1 Belden Manufacturing Company. 

Contributed by the Materials Handling Division for presentation at the 
Spring Meeting, Milwaukee, Wis., May 18 to 21, 1925, of Taz AMERICAN 
Society oF MecuanicaL Enaineers. All papers are subject to revision. 


Be sure to bring this copy with you to the Spring Meeting 


plant. This truck (Fig. 1) was bought to take the place of several! 
hand lift-truck operations and augment several others, and has 
been in continuous operation for the past three months. This 
electric industrial truck has a rated capacity of 2000 lb. with a 
weight of 1395 lb., which makes it especially convenient in plants 
having elevators of small capacity. It has a loaded speed of 4'/, 
miles per hour and an empty speed of 6 miles per hour, both being 
a great deal faster than a workman will walk. For motive power 
it uses a 2-hp. 12-volt d.c. motor operating from either an Ediso1 
or lead battery of surprisingly small size. The charging equipment 
consists merely of a small-sized Hettner motor-generator set wit!) 
a rheostat and voltmeter and ammeter, and generally has the 
battery on charge the better part of the night. 

The truck is set to a great variety of uses. In the first place, 
it carries all of the copper rod used in the rod mill from the stock 
room in loads of from 1600 to 1800 lb. over a rough plank floor, 
and then over approximately 150 yd. of winding concrete aisles. 
It carries all of the coils of intermediate sizes of wire from the inter- 
mediate wire-drawing machines to the fine wire-drawing machine= 
on lift trucks loaded with about 2000 lb. of copper wire—a run oi 
25 yd. over concrete. It carries all of the stranded wire used in 
the magnet-wire plant from the stranding department, which 
means a carry of about 175 yd. over concrete to the elevator, and 
then up on the elevator to the third floor. These loads will run 
up as high as 1500 lb. It carries a great deal of the finished magnet 
wire from the third floor to the second-floor stock room in loads of 
1000 lb. or so. It carries large loads of empty spool trays much 
faster than can be done by hand lift trucks. It carries also large 
loads of packed cases of wire on spools from the various depart- 
ments to the shipping department in loads up to 2000 lb. In short, 
it does all that was done with hand labor and the lift trucks, and 
more besides, the hand lift trucks being used almost exclusively 
now for short hauls and intradepartmental work. 

It is not intended to explain the theory of the formulas or o/ 
their components, the Committee already having done that, but 


| 
I 

t 


sk 


F 
a 
F 0 
b 
sl 
al 
is 
tl 
tl 
t 
b 
— si 
di 
tl 
4 al 
T 
Ww 
iv al 
A 
al 
in 
th 
| m 
pe 


May, 1925 


it would be well to look into the practical resolution of the various 
components comprising the detailed analysis. 

The cost of the truck was taken as the sum of its net cost, amount- 
ing to $1724.80; the net cost of the charging equipment, $348.97; 
the freight on these two items, $23.78; and the labor and supplies 
necessary for installation, $45.00; the total being $2142.55. 

In the formulas the working year is taken as 300 days of 8 hr. 
each, but in all the departments of the Belden Manufacturing 
Company in which the truck is in operation, the working day is 
longer than that, which, when idle time is also taken into account, 
brings the working year up to approximately 2500 hr. The number 
of working hours in a year has really no effect on the operation of 
these formulas as they are relative to each other, power being 
reckoned for the year as a whole, and the various factors, such as 


Fie. 1 Exectrric Truck HanpLinG Skip oF 8 Rouus oF PICKLED CopPER 
Rov Weiauine Asout 215 Ls. Eacu 


allowance on the investment, insurance, etc. being percentages 
on the total cost. 

Six per cent was taken as the allowance on the investment, that 
being standard practice, and in like manner 4 per cent was assumed 
sufficient to cover the cost of insurance, etc. 

In estimating the percentage of the working year that the units 
are in operation, the fact that the no-load time of the electric truck 
is less than the no-load time of the hand lift trucks accounts for 
the difference between 90 per cent and 80 per cent. 

In figuring the percentage upkeep, care was taken to have all of 
the items higher than will probably be the actual case, for as the 
truck grows older the maintenance will undoubtedly be higher, and 
by setting a high average figure the results will be well on the safe 
side. Thirty dollars is ample to cover the cost of oil and grease 
per year, a Ford car using less than twice that amount. Fifteen 
dollars should provide plenty of distilled water and all of the acid 
that may slop out. A new set of tires costs approximately $30 
and it is assumed that they will last a year in their present service. 
The daily repairs amount chiefly to testing the battery and adding 
water, and allowing half an hour per day for that at 55 cents, will 
amount to $84 per year. General repairs should be generously 
provided for by 10 per cent of total cost allowance, or $214.25. 
According to the manufacturers of the Exide battery the average 
life of one of their batteries in industrial-truck service is three years, 
and so the battery depreciation will amount to one-third of the 
installed cost of $175, or $58.33 per year. The sum total of these 
upkeep charges amounts to $431.58, or very close to 20 per cent on 
the total investment. 

In figuring the depreciation charges as 17 per cent on the invest- 
ment, the life of the truck was assumed to be six years. It is 
possible that it will last longer than that, but six years is on the safe 
side and carries the weight of authority. 

The battery requires approximately 12 kw-hr. of current per 
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night, current costing 1.4 cents per kw-hr., and as the small Hettner 
motor-generator set has a total efficiency of around 75 per cent, 
the power bill will run up to $67.20 per year. 

The Wright-Hibbard truck requires but one operator, who does 
all of the driving of the truck and all of his own loading and un- 
loading except in very isolated instances, in which cases other oper- 
ators may lend him a hand in a spare moment. According to the 
best information obtainable, the truck takes the p'ace of the labor 
of between 2.5 and 3.0 men, so again to be on the safe side, 2.5 is 
taken as the number of men the truck replaces. These hand-lift- 
truck men were paid 48 cents per hour, which for all of them amounts 
to $3330 per year. The electric-truck operator is paid 50 cents 
per hour, and his yearly pay amounts to $1387.50. In addition 
there is the labor of the night electrician, who spends approximately 
half an hour per night putting the truck on charge and seeing that 
it is charging properly, and this amounts to $82.50 per year, which 
brings the truck labor up to $1470 per year. 

No accurate figures were available for use in calculating the 
labor burden, but good authority at the plant puts it at approxi- 
mately 75 per cent of the payroll. In the case of hand labor this 
will amount to $2497.50 per year, and for the electric truck it will 
be $1105.50. 

In the formulas the total fixed charges include the maintenance 
costs, so that the total fixed charges on the truck investment 
amount to 47 per cent on the total cost, or $1007 per year. The 
fixed charges on the hand labor will of course be nothing, no capital 
being involved. , 

It may be well to digress a trifle and explain that the hand lift 
trucks are really not actually displaced by the electric truck. It 
had been planned for some time previous to the actual purchase of 
the truck to acquire possession of one, the problem being to select 
a type from the many different makes on the market. With that 
end in view, when new hand lift trucks become necessary they were 
not purchased, with the result that the electric truck merely takes 
the place of some imaginary hand lift trucks and augments the 
ones actually in use. Thus it cannot properly be said that this 
replacement of imaginary equipment will have cost the company 
money, and so the unamortized value of the replaced equipment 
less resale value becomes zero. Inasmuch as the hand lift trucks 
are in use in both the cases under consideration, their debits and 
credits will cancel each other and not enter into the comparison at 
all, and so are left out of the calculations entirely. 

The total cost of operation in the case of the electric truck will 
be the sum of the labor cost of $1470, the labor burden of $1105.50, 
the power cost of $67.20, and the total fixed charges of $1007, or 
$3649.70 per year. The total cost of operation in the case of the 
hand labor is the labor at $3330 and the labor burden at $2497.50, 
or $5827.50 per year. 

It would be next to impossible to figure the value of the increased 
production of one method over the other, but the electric truck does 
reduce the labor turnover by 60 per cent, which is admittedly to 
the electric truck’s credit. What this would amount to is probably 
not worth the time required to figure it out. The value of increased 
production is set at zero in each case. 

The evaluation of the various factors in the analysis is simple 
and exactly as shown in the detailed analysis. 

In solving for the maximum investment which will return simple 
interest on the investment, the electric truck has credit factors of 
$1860 for labor, $1392 for labor burden, nothing for either the 
fixed charges on the hand labor or the value of the increased pro- 
duction of the electric truck over hand labor, and a debit factor 
of $67.20 for the increased cost of power of the electric truck over 
hand labor. These factors are algebraically added, divided by the 
total of the fixed charges for the electric truck, or 47 per cent, and 
then the unamortized value of the hand equipment, which in this 
case amounts to zero, is subtracted. The maximum investment 
which will return simple interest on the investment, or the maximum 
allowable investment, will then be $6776.17, or approximately 
three times what was actually paid for the truck. 

In figuring the yearly profit from the operation of the electric 
truck, the same credit and debit figures as before are totaled, and 
then have subtracted from them the total cost of the fixed charges 
on the truck and 6 per cent on the unamortized value of the replaced 
hand-lift-truck equipment; this yearly profit resulting from the 
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COMPARATIVE ECONOMIC ANALYSIS NO. 3 


Showing values for Z, V, P, and H as per formulas recommended by A.S.M.E. Committee. 


It is assumed that the use of No. 2 equipment is generally accepted practice, while No. 1 is under exam- 


ination for comparative economic efficiency. 


in use, and would therefore be displaced by No. 1 with a corresponding capital loss. 
No. 1 (designated by subscript numeral 1): Wright-Hibbard Electric Industrial Truck. Cost, $2142.55; 
operating 2500 hours per year; requires 1 operator; hp. required, 2; cost of power, 1.4 cents per kw-hr. 


Operated for Equal Production in Comparison with 


No. 2 (designated by subscript numeral 2): Hand Labor. 
requires 2.5 operators; hp. required, none; cost of power, none; 


Average Values. None. 
Data FoR ANALYSIS 
No. 1 1 year = 2400 hours No. 2 
One Number of units employed 2.5 
*X; = 90% Per cent of year employed (X) *X:; = 80% 
Ai = 6% Per cent on investment (A) Ar = 0% 
B, = 4% Per cent for insurance, etc. (B) B. = 0% 
Ci = 20% Per cent for upkeep (C) C2 = 0% 
D, = 17% Per cent for depreciation (D) D. = 0% 
Total = 47% Total = 0% 
= $ 67.20 Cost of power, ete. (E) = $ 
75% of payroll $1105.50 Cost of labor burden (Ta) 75% of payroll 2497 
= $1007.00 Cost of fixed charges (T.) In(A2+B2+C:+D:2) =$ 0. 
Total for 104% of yr. $3649.70 Cost of operation Total for 104% of yr. $5827 
0.00 Value of increased production (U) 0 
$2142.55 Cost of equipment ) $ oO 
Unamortized value of equip- 
ment less resale value (K) s ¢ 


VALUATION OF Factors 


A, +B, +6, + Di = 47 % 

— $ 67.200—$ 0.00 = $ 67.20 
Se— Si $3330.00 — $1470.00 = $1860.00 

Ta: — Tai $2497.50 — $1105.50 = $1392.00 

Ti2 = $ 0.00 

Ui, — U2 $ 0.00 — $ 0.00 = $ 0.00 

[2] Ya = (Ai + Bi + Ci + Did = $1007.00 
Ih = $2142.55 

Kz = $ 0.00 

*X is applied individually in Cases Nos. 1 and 2, hence 100 % 


SOLUTIONS 


E 


Z = Maximum Investment Which Will Return Simple Interest on Investment 


z=[ 


(S+T.+ 
A+B+C+D 
V = Yearly Profit from Operation 


| — K = $6776.17 


[3] V = ((S+ Ta + U— E)X + T] — [¥ + (KA)] = $2177.80 


P = Yearly Profit in Per Cent on Investment 


P= r+ A; = 107.6 per cent 
1 


H = Years for Complete Amortization of Investment out of Profits 


100% 


0.803 year 


operation of the electric truck over the hand lift trucks amount- 
ing to $2177.80 per year, or more than the total cost of one 


~ truck. 


The yearly profit in percentage on the investment is figured 
by dividing the yearly profit from the operation of the truck by the 
initial investment in the equipment, and adding to this the invest- 


SUMMARY OF ANALYSIS NO. 3 


Estimated actual investment required for No. 1........... $2142.55 
Estimated excess investment in No. 1 over No. 2, J; — I», 


Estimated yearly profit from operation No. 1 over No. 
excess above simple interest 


to 


Estimated value of reduced labor turnover............... 


Estimated yearly profit from operation of No. 1 over No. 2 


in per cent on investment, total 


107.6% 


Estimated yearly profit from operation of No. 1 over No. 2 


The factor K should be given a zero value unless No. 2 is 


Cost, none; operating 2500 hours per year; 
This equipment recently in use. 


.00 
00 
.50 
00 


.50< 


00 


00 
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ment charges in per cent. This will then 
amount to 107.6 per cent yearly.. The 
investment charge of 6 per cent is added 
to the per cent profit because in the debit 
factors evaluated in the previous equa- 
tions the 6 per cent on the investment 
was deducted. In order to get the total 
or true percentage of profit it is neces- 
sary to add this 6 per cent. As the 6 
per cent was subtracted in the one case 
and added in the other, the resultant wil! 
be zero, and the true percentage profit 
will really be the profit in dollars divided 
by the original investment. 

To find the number of years for the 
complete amortization of the investment 
out of profits, 100 per cent is divided by 
the yearly profit on the investment in per 
cent plus the percentage depreciation on 
the investment, and amounts to 0.803 
year, or a little less than ten months. 
That is, the machine will completely pay 
for itself out of profits in less than ten 
months of operation. 

The results obtained from the use of 
these formulas are most interesting, an: 
especially the fact that the electric truck 
will pay for itself in less than ten montlis 
and after that is earning more than its 
origina’ cost every ten months. The 
formulas do not take into consideration 
the relative flexibilit'es of these two 
methods of handling materials, but in- 
asmuch as the small electric truck wil! 
go practically wherever a hand lift truck 
can be pulled, and in addition will carry 
more than twice as much as a man can 
handle on a hand lift truck, the electric 
truck may rightfully be said to be the 
more flexible in operation of the two. 
In addition, the electric truck is efficient 
and well adapted for use on long, heavy 
hauls, where a hand lift truck would be 
almost impossible to use. The maximum 
speed of the loaded truck is about 4.5 
miles per hour, which is a great deal 
faster than any man could be induced 
to pull a loaded hand lift truck. 

This truck to date had been eminently 
satisfactory, barring one or two minor 
difficulties which have since been cor- 


rected, and while it is to be regretted that it has not been in opera- 
tion long enough to provide a more accurate set of results and 
eliminate more of the estimations used, it is believed that the 
formulas fulfill extremely well the functions for which they were 
designed, and are of very great value in showing the relative value 
of the electric truck over the hand labor it replaces. 


in per cent on excess investment 


Ii 


107.6% 


Estimated time required to amortize entire cost of No. 1 out 


of earnings in excess of No. 2 


Estimated time required to amortize excess cost of No. 1 over 


No. 2 out of earnings in excess of No. 2, 


0.803 year 
hh 
1: 


Remarks Covering Relative Flexibility, Safety, Durability, also Recommendation: 
1 The electric truck is the more flexible of the two. 
2 The electric truck is possibly the safer of the two as regards operation. 
3 The electric truck is less durable than the hand lift trucks. 
4 It is recommended that the electric truck be used. 
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Economie Efficiency of the Full-Automatic Turret 
Lathe in Comparison with the Semi-Turret Lathe 


By R. J. WADD,' MONTOUR FALLS, N. Y. 


This paper deals with the economic results arising from changes in 
machine-toel equipment as affected by the labor employed and the efficiency 
of production. Specific comparisons are instituted which are based on 
the work done by the full-automatic turret lathe and the semi-automatic 
turret lathe as analyzed with the aid of the recommended formulas developed 
by the Formulas Committee of the A.S.M.E. Materials Handling Division. 


Formulas Committee of the A.S.M.E. Materials Handling 

Division in developing formulas for computing the economies 
of labor-saving equipment, it may be of interest to examine the 
results of the comparison as applied by the recommended formulas 
to possible changes in machine-tool equipment. 

Several years ago (1919), in bringing out a line of lighter-capacity 
hoists than it had ever manufactured, 
the company with which the author 
is associated was faced with the problem 
of increased production and shop costs 
lower than had been found possible in 
any article that it had previously pro- 
duced. Anticipated sales requirements 
called for the running of larger-sized 
lots through the shop, which opened 
up the possibilities of changes in ma- 
chine-tool equipment to obtain the in- 
creased production and decreased shop 
cost. 

One of the economic changes made 


I CONNECTION with the work that has been done by the 


for two machines. 


Average Values. 


Machining Winding Drums of Hoists. The winding drum of a one- 
ton hoist offered a comparative analysis of a full-automatic turret 
lathe and a semi-automatic turret lathe tooled to give practically 
equal production capacity. The drum required a finish over all on 
the barrel and on the flange at either end, and the hubs at either end 
were bored, counterbored, faced, and reamed. Two chucking opera- 
tions were necessary per piece on either machine. The greater part of 
machining time was consumed in the finish of the barrel, which gave 
the semi-automatic turret lathe a slight advantage on production 
over the full-automatic turret on account of the heavier feeds and 
higher speeds allowable on the former machine. The full-automatic 
was required to operate continuously for the necessary production 
with from one to three cutting tools in position per operation, using 
one machine operator for two units, the second machine working on a 


COMPARATIVE ECONOMIC ANALYSIS NO. 7 
Showing values for Z, V, P, and H as per formulas recommended by A.S.M.E. Committee. 


It is assumed that the use of equipment No. 2 is generally accepted practice, while No. 1 is under exam- 
ination for comparative economic efficiency. 
use and would therefore be displaced by No. 1 with a corresponding capital loss. 
No. 1 (designated by subscript numeral 1): Full-Automatic Turret Lathe. 

hours per year; requires '/2 operator’s time; hp. required, 5; cost of power, 5 cents per kw-hr; one operator 


The factor K should be given zero value unless No. 2 is in 


Cost, $3450; operating 2400 


Operated for Equal Production in Comparison with 
No. 2 (designated by subscript numeral 2): Semi-Automatic Turret Lathe. 
hours per year; requires 1 operator; hp. required, 4; cost of power, 5 cents per kw-hr. 
is not in use on this class of work, but was not discarded as plant equipment. 
Comparison based on lot of 3000 Class I hoist winding drums. 


Cost, $3800; operating 2200 
This equipment 


Data REQUIRED FOR ANALYSIS 


was from the semi-automatic turret No. 1 Full Automatic 1 year = 2400 hours No. 2 Semi-Automatic 
lathe, employing one power-fed cutting One Number of units employed One 
position per operation, to the full- *Xi = 100% Per cent of year employed (X) *X: = 92 % 
automatic type turret lathe with one A, = 6% Per cent on investment (A) A: = 5.5% 
or more power-driven cutting positions B= 1% Per cent for insurance, etc. (B) B: = 0.9% 
' ti ts that would al CG = 5% Per cent for upkeep (C) C2 = 4.6% 
per operation on parts that would al- Di = 10% Per cent for depreciation (D) D? = 9.2% 
low tooling for the cutting of more than 
one tool per operation; the former re- Total = 22% Total = 20.2% 
quiring an individual operator per ma- = $ 450.00 ete. = $ 330.00 
chine, while witl it would be 2400 hr. at 40 cents $ 960.00 ost of labor ( 2200 hr. at 75 cents $1650.00 
sil = : ut — latter it pete 59% of payroll $ 566.40 Cost of labor burden (Te) 59% of payroll $ 973.50 
possible to group two or more machines = 7,(4,4+B:+Ci+D:) = $ 759.00 Cost of fixed charges (Tr) In(A2+B2+C2+D:) = $ 767.60 
around one operator. Before the re- ——_—_ 
quired number of automatics and their Total for 100% of yr. . a a of ae — w Total for 92% of yr. $3721.10 
tool equipr | : ° 0. alue of increa production $ 0.00 
qu P $3450.00 Cost of equipment (1) $3800.00 
as necessary to produce some of the Unamortised value of equip- 
parts on semi-automatic turret lathes. ment less resale value (K) $ 0.00 


These lathes were practically new ma- 
chines and all calculations are based on 


VALUATION OF Factors 


= 22% =A+B+C+D 

their originial investment charge. As EB, — Ey $ 450.00 — $ 330.00 = $ 120.00 = E 
the parts were swung over to the auto- Si— Si $1650.00 — $ 960.00 = $ 690.00 = S 

matic turrets for production, actual costs Tat 973.50 — 506.00 
of identical parts on the two types — U: $ 0.00—$ 000=$ 0.00 
of machines became available. In the [2] Yu = 1i(Ar + Bi + Ci + Dy) = $ 759.00 = Y 
analyses under consideration the parts ih = $3450.00 = I 

operated on were given the best possible 
conditions of manufacture on the two * X is applied individually in Cases Nos. 1 and 2, hence 100% = X 


types of machines as regarded feeds, 
speeds, and tool equipment, and were 
equally applicable to the different ma- 


Z = Maximum 


chines under different conditions of {1] Z= 


quantity production. 

1Ch. Engr., Shepard Elec. Crane & Hoist [3] 
Co. Mem. A.S.M.E. 

Contributed by the Materials Handling 
Division for presentation at the Spring (4] 
Meeting, Milwaukee, Wis., May 18 to 21, 

1925, of Tue American Society oF Me- 
‘CHANICAL ENGINEERS. All papers are sub- [5] 
dect to revision. 
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SoLuTIons 


Investment Which Will Return Simple Interest on Investment 


K = $7930.45 


V = Yearly Profit from Operation 


V = ((S+ 7. + U—E)X + T,] — + (KA)] = $985.70 


P = Yearly Profit in Per Cent on Investment 
P= . + A = 34.5 per cent 


H = Years for Complete Amortization of Investment out of Profits 


H 100% 


"S28 = 2.24 years 


Be sure to bring this copy with you to the Spring Meeting 
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different part. The semi-automatic with 
one cutting tool per operation finished 
the production in 92 per cent of the 
time necessary for the full-automatic, 
but required an individual operator. 
The outstanding difference in operation 
was practically only in the amount of 
labor time involved. Analysis No. 7 
gives the results obtained in this case. 

Machining Hoist Gear Cages. Another 
possible analysis of the same-size full- 
automatic turret lathe and semi- 
automatic turret lathe was in operation 
on a hoist gear cage, an ideal piece for 
efficient production on the former ma- 
chine, in which case the time required 
on the full-automatic was considerably 
less than on the semi-automatic. The 
piece required turning at three dif- 
ferent diameters three facing opera- 
tions, an inside turn, and one boring and 
reaming operation. The  semi-auto- 
matic lathe with its individual opera- 
tor required 135 per cent of the time 
necessary on the full-automatic lathe, 
with one-half of the operator’s time for 
attention. As it would have been pos- 
sible to obtain the production on the 
semi-automatic lathe by running it 
overtime or by using two machines 
running approximately 67 per cent of 
the working year, analyses Nos. 8 and 
Y are given to show whatever effect may 
result from variation in fixed charges. 

Machining Hoist Gear Heads. An 
analysis of the same-size full automatic 
turret lathe and a semi-automatic ver- 
tical turret lathe was possible in a lot of 
hoist gear heads. The piece required 
two different turning operations, four 
facing operations, two different-diameter 
bores, and a bevel seat turned in one 
side of the piece. One full-automatic 
turret lathe worked continuously with 
one-half of the operator’s time for pro- 
duction, while three semi-automatic ver- 
tical turret lathes with individual opera- 
tors were required to run 83.3 per cent 
of the working year for equivalent pro- 
duction. Analysis No. 10 deals with 
the above operation. 

All of the foregoing analyses demon- 


SumMARY oF ANALysis No. 7 


Estimated actual investment required for No. 1............ 
Estimated excess investment in No. 1 over No. 2, i —J:2, or i. —$ 350.00 


Estimated yearly profit from operation No. 1 over No. 2, ex- 


MECHANICAL ENGINEERING 


COMPARATIVE ECONOMIC ANALYSIS NO. 10 


Showing values for Z, V, P, and H as per formulas recommended by A.S.M.E. Committee. 


It is assumed that the use of equipment No. 2 is generally accepted practice, while No. 1 is under exam- 
ination for comparative economic efficiency. The factor K should be given zero value unless No. 2 is in 
use and would therefore be displaced by No. 1 with a corresponding capital loss. 

No. 1 (designated by subscript numeral 1): Full-Automatic Turret Lathe. Cost, $3700; operating 2400 
hours per year; requires '/: operator's time; hp. required, 5; cost of power, 5 cents per kw-hr. 
Operated for Equal Production in Comparison with 
No. 2 (designated by subscript numeral 2): Semi-Automatic Vertical Turret Lathe. Cost, $4200; operat- 
ing 6000 hours per year; requires 1 operator; hp. required, 3; cost of power, 5 cents per kw-hr. This 
equipment is not in use on this class of work, but was not discarded as plant equipment. 
Average Values. Comparison based on lot of 4500 class A hoist gear heads. 


Data REQUIRED FOR ANALYSIS 


No. 1 Full-Automatic 1 year = 2400 hours No. 2 Semi-Automatic 
One Number of units employed Three 
*X; = 100% Per cent of year employed (X) *X; = 83.33% 
Ai = 6% Per cent on investment (A) Az = 5.00% 
BR = 1% Per cent for insurance, etc. (B) B. = 0.838% 
C, = 5% Per cent for upkeep (C) C2 = 4.16% 
D = 10% Per cent for depreciation (D) D: = 8.33% 
Total = 22% Total = 18.32% 
E\X, = $ 450.00 Cost of power, etc. (E) EX: = $ 675.00 
2400 hr. at 40 cents = $ 960.00 Cost of labor (S) 6000 hr. at 75 cents = $4500.00 
59% of payroll = $ 566.40 Cost of labor burden (T.) 59% of payroll = $2655.00 
= $ 814.00 Cost of fixed charges I2(A2+B2+C2+ D2) = $2308.30 
Total for 100% of yr. $2790.00 Cost of operation Total for 83.3% of yr. $10,138.30 
$ 0.00 Value of increased production (U) $ 0.00 
$3700.00 Cost of equipment (1) $12,600.00 
Unamortized value of equip- 
ment less resale value (K) $ 0.00 
VALUATION OF Factors 
D = 22%=A+B+C+D 
E, — E: $ 450.00 — $ 675.00 = — $ 225.00= £2 
S:— Si $4500.00 — 3 960.00 = $3540.00 = S 
Ta — Ta $2655.00 — $ 566.40 = $2088.60 = T, 
= $2308.30 = 7, 
U,— U: $ 0.00 — 3 0.00 = 3 0.00 = U 
{2] Y; = (Ay By + Dy) = $ 814.00 = 
I; = $3700.00 = I 
* X is applied individually in Cases Nos. 1 and 2, hence 100% = X 
SoLuTIons 
Z = Maximum Investment Which Will Return Simple Interest on Investment 
(S+T+U—E\)X + Tp 
= K = $37,099.54 
A+B+C+D 
V = Yearly Profit from Operation 
[3] V = ((S + To. + U— E] — [¥ + (KA)] = $7347.90 
P = Yearly a in Per Cent on Investment 
{4] Pp =~ + 4=204.6 per cent 
H = Years for Complete Amortization of Investment out of Profits 
100 
(5) = 0.46 year 


Summary oF ANALysis No. 8 


eas Estimated actual investment required for No. 1............. $3350.00 
$3450.00 Estimated excess investment in No. 1 over No. 2, Ii —J2,orli. $ 550.00 


Estimated yearly profit from operation No. 1 over No. 2, ex- 


Estimated value of reduced labor turnover. $ 0.00 

Estimated yearly profit from operation of No. 1 over No. 2 Estimated yearly profit from ~ ine of No. 1 over No. 2 in oe 

Estimated yearly profit from operation of No. 1 over No. 2 in Estimated yearly profit from eS of No. 1 over No. 2 in 

per cent on excess investment, 7 0.0% per cent on excess investment, P, 454.2% 

Estimated time required to amortize entire cost of No. 1 out Estimated time required to amortize entire cost of No. 1 out of eee 

Estimated time required to amortize excess cost of No. 1 over Estimated time required to amortize excess ari of No. 1 over 

No. 2 out of earnings in excess of No. 2 0.0 years No. 2 out of earning in excess of No. 2 io -... 0.193 year 


Remarks Covering Relative Flexibility, Safety, Durability, also Recommendation: | Remarks Covering Relative Flexibility, Safety, Durability, also Recommendation: 


The saving shown above, as might be anticipated from the preceding 
statement, was practically entirely due to the decrease in the labor charge 


SuMMARY OF ANALYysIs No. 9 


as shown by the comparison of items Si, Ta: with S: and Tg:. Obviously Estimated actual investment required for No. cuted brs siden $3350.00 
the use of a considerably more expensive and less efficient machine would Estimated excess investment in No. 1 over No. 2, J; — Is, or Ji. — $2250.00 


still have been justifiable had it been necessary. 
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Estimated yearly profit from operation No. 1 over No. 2, ex- 
Estimated value of reduced labor turnover................ 


Estimated yearly profit from operation of No. 1 over No. 2 in 
per cemt om investment, total... 
Estimated yearly profit from operation of No. 1 over No. 2 in 


Estimated time required to amortize entire cost of No. 1 out 


per cent on excess investment, 


Estimated time required to amortize excess cost of No. 1 over 


No. 2 out of earnings in exeess of No. 2, 
1 


0.0% 


1.12 years 


0.0 year 


Remarks Covering Relative Flexibility, Safety, Durability, also Recommen- 


dation: 
Comparing the results of either Analysis No. 8 or No. 9 


with those of 


Analysis No. 7 shows the increase in savings possible by the reduction in 
labor charge when the full-automatic was working on a part on which it 
could show an increase of production over the semi-automatic machine. 


SuMMARY OF ANALysis No. 10 


Estimated actual investment required for No. 1.......... 
Estimated excess investment in No. 1 over No. 2, 1; — J», or J}. 


$3700.00 
— $8900 .00 


Estimated yearly profit from operation No. 1 over No. 2, ex- 
Estimated value of reduced labor turnover................ 


Estimated yearly profit from operation of No. 1 over No. 2 in 
per cent on investment, total. 
Estimated yearly profit from operation of No. 1 over No. 2 in 
h—T, 
Estimated time required to amortize entire cost of No. 1 out 


per cent on excess investment, 


Estimated time required to amortize excess cost of No. 1 over 


No. 2 out of earnings in excess of No. 2, a aieececee 
1 


Vou. 47, No. 5 


7347.90 
$ 0.00 


7347 . 90 


204.6% 
0.0% 
0.46 year 


0.00 vear 


Remarks Covering Relative Flexibility, Safety, Durability, also Recommen- 


dation: 


The above analysis exemplifies to a more marked degree the results ob- 


tained in Analyses Nos. 8 and 9. 


strate very forcibly the economic possibilities of the full-auto- 
matic turret lathe on quantity production in which the set-up 
time for the machine becomes a negligible quantity as distrib- 


uted over the output. 


Labor-Saving Equipment in Road Construction 


Description and Economic Analysis of a New Paver, Employing the A.S.M.E. Materials Handling Divi- 
sion’s Formulas for Computing the Economies of Labor-Saving Equipment 
By E. H. LICHTENBERG,! MILWAUKEE, WIS., 


This paper describes the economic results obtained by the use of improved 
equipment for mechanically handling concrete in road construction, which 


deposits the concrete so nearly into its final position as to require very 


little manual labor aside from that involved 
in finishing the surface. 

The paper is accompanied by an economic 
analysis comparing the performance of the 
improved type of handling equipment with 
an earlier and less efficient type, in which 
the Formulas for Computing the Economies 
of Labor-Saving Equipment are applied. 


year 1923 there were in the United 
States between 1000 and 2000 road 
jobs that employed pavers to mix con- 
crete, directly deposit it upon the sub- 


1: IS ESTIMATED that during the 


AnD JAMES A. SHEPARD,? MONTOUR FALLS, N. Y. 


lows the concrete to drop out of the bottom of the bucket in a 


heap on the subgrade. 


COMPARATIVE ECONOMIC ANALYSIS NO. 11 


ination for comparative economic efficiency. 
use and would therefore be displaced by No. 1 with a corresponding capital loss. 
No. 1 (designated by subscript numeral 1): One Koehring Improved Paver. 

hours per year; requires 5 operators; hp. required, 40; cost of power, $21 per hp. per standard year. 


Operated for Equal Production in Comparison with 


No. 2 (designated by subscript numeral 2): One Koehring Old-Style Paver. 
hours per year; requires 9 operators; hp. required, 40; cost of power $21 per hp. per standard year. This 
equipment in use 3 years. Unamortized value, $2800. 

Average Values. 


None. 


No. 1 Koehring Improved Paver 


Data REQUIRED FOR ANALYSIS 
1 year = 2400 hours 


The heap is then spaded or spread by 
laborers until an even layer of 6 to 7 in. is formed. 


As will be 


Showing values for Z, V, P, and H as per formulas recommended by A.S.M.E. Committee. 


It is assumed that the use of equipment No. 2 is generally accepted practice, while No. 1 is under exam- 
The factor K should be given zero value unless No. 2 is in 


Cost $7000; operating 1000 


Cost $7000; operating 1000 


No. 2 Koeehring Old-Style Paver 


grade, and move ahead as the con- One Number of units employed One 
crete was deposited. To handle the eX, = 41% Per cent of year employed (X) *X; = 41% 
concrete from the mixing drum to the 41 = 5% Per cent on investment (A) 4, = 5% 
b Bi = 2% Per cent for insurance, etc. (B) = 2% 
subgrade, a boom an ucket has come C1 = 18% Per cent for upkeep (C) C2 = 18% 
to be standard equipment. Di; = 20% Per cent for depreciation (D) D: = 20% 
For years a bucket similar to the one — 
Total = 45% Total = 45% 
on > = $ 344.00 Cost of power, etc. (E) = $ 344.00 
This type of bucket has two doors a 5000 hr. at 45 cents $2250.00 Cost of labor (S) 9000 hr. at 45 cents $4050.00 
its bottom, placed parallel to the boom. 20% of payroll $ 450.00 Cost of labor burden (Ts) 20% of payroll $ 810.00 
When the bucket reaches a point over 11(4:+8:1+Ci+Di) = $3150.00 Cost of fixed charges (To) I:(A2+B2+ Cr+ D2) = $3150.00 
the or cs _o ones ‘ - Total for 41% of yr. $6194.00 Cost of operation Total for 41% of yr. $8354.00 
wanted, a workman on the grat e trips Value of increased production (U) 
the lever on the trolley carrying the $7000.00, Cost of equipment () 7000.00 
bucket and opens the doors. This al- Unamortized value of equip- 
ment less resale value (R) $2800 . 00 


1Ch. Engr., Koehring Co. Mem. A.S.M.E. 
2?Vice-Pres Engrg., Economic Research, 


VALUATION OF Factors 


Shepard Elec. Crane & Hoist Co. Mem. $ 344.00 — $ 344.00 = $ 
A.S.M.E. Mr. Shepard prepared the com- Ss— Si $4050.00 — $2250.00 = $1800.00 = S 
parative economic analysis (No. 11) ac- Ta-Tas $ 810.00 — $ 450.00 = $ 360.00 = 7, 
companying Mr. Lichtenberg’s paper. Tr = $3150.00 = T, 
Contributed by the Materials Handling — Us 0.00—$ 000=$ 000 = U 
Division for presentation at the Spring Meet- [2] Yr = (Ar + Bi + Ci + Dy) = $3150.00 = Y 
ing, Milwaukee, Wis., May 18 to 21, 1925, h = $7000.00 = J 
of THe AMERICAN SocieTy OF MECHANICAL RK: = $2800.00 = K 
EnaineErs. All papers are subject to 
revision. * X is applied individually in Cases Nos. 1 and 2, hence 100% = X 


Be sure to bring this copy with you to the Spring Meeting 
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SOLUTIONS 


grade in an even layer of the desired 


Z = Maximum Investment Which Will Return Simple Interest on Investment thickness and between four and five feet 


(S+7T+U—E)X +7, 
A+B+C+D 
V = Yearly Profit from Operation 


[1] 


[3] V = ((S+ + U— E)X + — + (KA)] = $2020 
P = Yearly Profit in Per Cent on Investment 


| _ K = $9000 wide. 


This process is repeated until the 
entire subgrade is covered, when the ma- 
chine moves forward the length of the 
boom. Little or no spading is required 


V 
[4] Pestie 33.8 per cent with this type of bucket, and but two men 
H = Years for Complete Amortization of Investment out of Profits in place of six are so employed, as shown 
. H = 100% 18 by Fig. 3. Under favorable conditions a 
6] P+D —— single laborer may perform all of the 


SUMMARY OF ANALYSIS NO. Il 


Estimated actual investment required for No. 1............. $7000.00 
Estimated excess investment in No. 1 over No. 2, J: —J2, or 1:. $7000.00 


Estimated yearly profit from operation No. 1 over No. 2, excess 


Estimated value of reduced labor turnover................. $ 0.00 
Estimated yearly profit from operation of No. 1 over No. 2 in 
Estimated yearly profit from operation of No. 1 over No. 2 in 
qi 
per cent on excess investment, 7 7 33.8% 
Estimated time required to amortize entire cost of No. 1 out of 
Estimated time required to amortize excess cost of No. 1 over 
No. 2 out of earning in excess of No. 2, -—. - 1.8 years 


Fic. 1 Paver Provipep Dumpinc Bucket 


noted in Fig. 2, as many as six men may be required, the mini- 
mum number being three, varying according to the consistency 
of the concrete or other conditions. 

An improved bucket, however, has been recently developed as 
shown by Fig. 3. This bucket has only one door at its bottom, 
placed crosswise to the boom, the dimensions of the opening being 
approximately 4'/, ft. by 10 in. When the operator of the machine 
has the bucket filled it is run out to the point of deposit; reversing 
the direction of travel automatically opens the bucket door to an 
extent which is regulated by adjustable stops, thus, as the bucket 
moves along the boom, feeding a stream of concrete over the sub- 


manual work required. 

A simple mechanical-handling device, by placing the concrete 
practically into its final position, renders it possible to release 
within the United States several thousand laborers for other em- 
ployment without increasing the investment required or other 
items of cost of operation, and at the same time to increase the 
net efficiency of operation. 


Fig. 2. Paver or Fic. 1 1n OPERATION 


Fic. 3 Paver PROVIDED WITH AN IMPROVED BUCKET THAT TRAVELS 


AtonG Boom AND Freps ConcrRETE OVER THE SUBGRADE IN AN 
Even LAYER 
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A National Apprenticeship Program 


By HAROLD 8S. FALK,' MILWAUKEE, WIS. 


tion to personnel within recent years in American industry 

is nothing if not significant. A few years ago we were to 
arrive at our industrial salvation by a wholesale introduction of 
automatic machines and the installation of foolproof systems. 
This craze, however, soon had its fling. It became more and more 
apparent that so long as human beings are necessarily concerned 
in one way or another in our manufacturing and commercial en- 
terprises, they must be given some consideration. That considera- 
tion has lately, in increased measure, taken the form of education. 
And this in its higher aspects is apprenticeship. Thus while 
American industry is more and more concerned with the problem 
of providing for itself a trained and skilled personnel, it has come 
face to face with the problem of apprenticeship. 

We are just at the beginning of this movement of industrial 
education, but it is already apparent that a mere local application 
of apprenticeship along isolated trade lines is wholly insufficient 
to meet the needs not only of modern industry but of modern 
society as well. Perhaps after a somewhat detailed analysis of 
this present-day problem the necessity of a national program of 
apprenticeship in all trades and some professions will seem an 
obviously logical conclusion. At any rate there will be no harm 
in an analysis of this kind, if only because the nature of the remedy 
will then become clearer. However, it is our hope and intention 
to show the necessity of a national program of industrial education 
in every major trade and industrial profession in modern society. It 
is significant that even some of the old professions like medicine have 
returned to the apprenticeship method, through internships, etc. 

This American workshop of ours is made up of an almost in- 
finite number of professional, commercial, and industrial jobs. 
Until a few years ago we filled a considerable portion of the skilled 
jobs with Europeans, trained for the work. But now we are faced 
with the necessity of filling these same ranks with American-trained 
youths. This has made it necessary that we again consider the 
efficacy of the old method, and perhaps the only method, of train- 
ing on the job, that is, apprenticeship. 


| te shifting of the emphasis, however slightly, from produc- 


APPRENTICESHIP A QUARTER OF A CENTURY AGO 


Can this method be made effective under modern conditions? 
Let us glance for a moment, before giving our answer, at appren- 
ticeship as it existed a quarter of a century ago. There was the 
small establishment which contained in its manufacturing opera- 
tions all the essentials of any and every trade which it represented. 
The employer, who had not as yet been separated even by a pri- 
vate office from his employees, was, in addition to his many other 
duties, a father as well as an instructor to the apprentices in whom 
he took such a just pride. Seldom were mechanics imported via 
the employment office; in fact, they were almost always, if not 
entirely so, “made” in the plant. In other words, these establish- 
ments were producers of mechanics rather than mere users. 

Let us note briefly the essentials of this rather successful train- 
ing scheme: First, a “tradition” for the training of mechanics, 
even though this was in some measure a remnant of the European 
tradition, brought over by the trained mechanics, who then in- 
vaded our shores. Second, all the essentials of a complete trade or 
trades wrapped up in the manufacturing operations however small 
their scale. Third, the essentials of an adequate instructional pro- 
gram. The “Old Man,” who for obvious reasons was interested 
in the perpetuation of his enterprise, made the instruction of his 
boys a major part of his own task. Thus instruction was bound 
to be effective, direct, personal, and comprehensive, though finesse 
was undoubtedly lacking. Hence there was present. a tradition 
for training, the essential material for an adequate program, and 
the necessary effective instructional equipment. 


1 Vice.-Pres. and Works Mgr., The Falk Corporation. Mem. A.S.M.E. 
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APPRENTICESHIP AS AFFECTED BY THE CHANGES THAT HAVE TAKEN 
PLAcE IN MopERN INDUSTRY 


And now with this in mind let us glance hastily at the trans- 
formation that has taken place in modern industry. Two ele- 
ments have entered into present-day industrial life that have 
changed almost completely this whole problem of industrial educa- 
tion. Specialization of operations and division of labor have 
atomized our industrial life and broken down our major trades 
and professions to such an extent that but few of our manufactur- 
ing establishments are able to present complete and adequate pro- 
grams for the training of the skilled personnel necessary to vitalize 
our industrial life. 

As a result but few of the larger industrial establishments in any 
community are capable of presenting adequate training programs. 
These in turn have found it impossible, if indeed they attempted 
at all, to train a skilled personnel sufficient for their entire com- 
munity. The smaller establishments, whose operations under 
present conditions comprise but a portion of the trades they 
represent, have long since discovered an insurmountable obstacle 
to training apprentices. They were unable to interest young men 
in a formal apprenticeship because it was impossible for them to 
present an adequate training program. 

Thus with the burden shifted to the few larger plants in any 
community, apprenticeship has dwindled more and more. And 
the tradition of training has gradually faded until at present the 
term apprenticeship has little meaning, unless it be an odious 
one. These two factors, namely, lack of a tradition and lack of 
material for adequate programs of industrial education, have 
operated powerfully to destroy even the semblance of a possibility 
of making apprenticeship effective in modern industry. 

There are of course exceptions. But we are here concerned with 
a general condition which is probably proven best by the excep- 
tions. American apprenticeship, if it can be so designated, is 
distinguished by a few outstanding examples the country over. 
But there is not an industrial community in America today that 
is self-supporting or solvent in its personnel phase. And the vital- 
ity of our industrial life must be judged by the solvency, in this 
respect, of our individual communities and not by a few individual 
plants. 


Wuat Does INpuUstry OFFER THE YOUNG MAN Topay? 


It may not be amiss to consider this rather sad state of affairs 
from another side. We have glanced, as it were, at the situation 
as it exists in our manufacturing establishments. Let us glance 
for a moment beyond these walls into the life that surrounds them. 

Here is a young man who has completed his formal education 
and is prepared to enter upon his life work. What does he face? 
An industrial life to him is completely disorganized as regards the 
vocation it has to offer and the jobs by means of which he might 
attain, consciously or otherwise, to some definite objective. Our 
industries are characterized more by figures of production than 
by trades and occupations. He knows of one concern that it 
produces so many things a month, of another that it turns out 
so many tons of material. But he has yet to learn what trades 
and professions are involved in the making of these things and the 
producing of these tons. And perhaps for the most part industry 
itself is unconscious of the essential vocational content of its opera- 
tions. Our young man has come into:an unorganized life in which 
he must both determine for himself his own vocation as well 38 
the proper routine whereby he can arrive at his vocational ob- 
jective. 

The very complexity of modern industry makes it seem a hope- 
less task to determine the essential vocational lanes by means of 
which a young man can find his way through to some definite 
goal. And indeed there should be little wonder in this, since it 
is a matter of conjecture and experiment even among vocational 
experts. The essential trades and professions have been broken 
down into such small fragments that it has become a real puzzle 
to piece them together into a composite and harmonious whole. 


416 
Be sure to bring this copy with you to the Spring Meeting 


i 
( 
! 
i 
d 
| 
a 
n 
t 
a 
t 
4 
— 1 
f 
0 
ti 
o 
a 
t 
I 
~ 
h 
In 
> 


airs 
tion 
ince 
em. 
tion 
ace? 
the 
ight 
Qur 
than 
it it 
out 
des 
1 the 
istry 
shich 
as 
| ob- 


hope- 
ns of 
finite 
ice it 
ional 
roken 
yuzzle 


May, 1925 


Alongside of this problem, and, undoubtedly as a result of it, has 
grown a rather universal disregard for true vocational training 
and education. All strata of society are more or less involved in 
the abandonment of this idea. Our formal educational system 
has come to ignore it quite completely. Scarcely anywhere is 
vocational training, industrial education, or apprenticeship a 
vital concern in the lives of the Americar? people. 

In thus stating the problem we are in no wise concerned with 
the placing of the blame. It has probably and undoubtedly come 
as part and parcel of the evolution of modern industry. More- 
over to fix the blame would be of little benefit. It should be our 
main concern to remedy it as well and as quickly as possible. 


REQUISITES FOR AN ADEQUATE PROGRAM OF INDUSTRIAL EDUCATION 


To make effective, therefore, an adequate program of industrial 
education that will meet our present needs we must have, first, 
the materials at hand that will justify a complete and full scheme 
of training, second, effective instructional equipment, and third, 
an adequate tradition that will bear along and give moral support 
to this program. 

Upon this foundation we shall build our program for an adequate 
apprenticeship. In order that each industrial community can 
become self-supporting in its personnel aspect, all establishments 
in those communities must unite to supply the training that is 
necessary. But the majority of the smaller establishments are 
unable, alone and separately, to present a real training program. 
There must be a grouping of these plants along trade lines in 
such manner that the groups can present adequate and effective 
programs of industrial education. This must become a com- 
munity affair ia which all of the interested elements do their pro- 
portionate share in this scheme of training. There must be a 
community organization to organize, establish, and codérdinate 
groups that can present adequate programs of training. 

Proper vocational education of the related type that must 
necessarily accompany true apprenticeship must also be estab- 
lished on a community basis. All elements that are and should be 
interested must give the proper support to a centrally located in- 
stitution which can provide for them the only possible means of 
adding the related classroom instruction so essential in a formal 
apprenticeship. Small industrial establishments under the very 
best possible circumstances would be unable, even if they desired, 
to add this essential element of the training. The larger estab- 
lishments could ill afford to attempt it individually if only because 
of the ill effect that such an arrangement would have upon a com- 
inunity program. The vocational educational institution must 
be the rallying ground for this community enterprise. In this 
way only can all of the industrial and commercial interests be 
adequately served in proportion to their just needs. 


MILWAUKEE’S EXPERIMENT IN VOCATIONAL EDUCATION 


Milwaukee is at present engaged in carrying on an experiment 
of this kind. The metal-trades industries have united on a com- 
munity basis to promote an adequate program of industrial educa- 
tion. Coéperatively they are making this community self-sufficient 
and independent in its supply of skilled mechanics. 

This group of trades early realized that it would be impossible 
to make a program of industrial education wholly effective if but 
few of the larger plants were engaged in these training activities. 
Hence training groups were formed in which smaller organizations 
were arranged about the larger in such manner that the groups 
were able to present a complete and adequate program of training. 
Thus, apprentices are exchanged between smaller and larger 
plants according to a prearranged plan. 

A district director has been engaged to coérdinate the activities 
of the various groups, to promote apprenticeship whenever neces- 
sary, and to gather together all the ends of the multitudinous de- 
tails that are always a part of a large community project of this kind. 

Under the auspices of the community metal-trades organization 
and at the direction of the district supervisor, an effective promo- 
tional program has been made a part of the annual activities. 
Inspirational gatherings of apprentices, parents, and employers 
have been held which culminate in an annual dinner entertain- 
ment. At the last of these more than a thousand Milwaukee 
metal-trades apprentices and employers were present. 
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Tue Community PrRoGRAM CLOSELY RELATED TO THE PUBLIC- 
ScHOOL SysTEM 


This community program includes a very close and definite 
relationship to the public-school system, particularly the local 
vocational school. This institution has become the hub about 
which this whole training scheme revolves. Not only do appren- 
tices attend the vocational school part time during their appren- 
ticeship, as required by law, but they also attend full time during 
a part or all of their probationary period. These full-time classes 
have given a prestige to apprenticeship among young prospectives 
to an extent that no other arrangement could possibly have done. 
Beyond this, however, the vexations incident to the necessary 
vocational-guidance work among probationary apprentices has 
been removed from the shop foremen, who are already sufficiently 
burdened with certain portions of this training work. 

Thus the part-time school has become a very essential and nec- 
essary instrument in the promulgation of this plan. Without it 
the smaller plants would be unable to give any related trade train- 
ing. Without it the larger plants would have the whole com- 
munity program upon their hands and would have an onerous 
burden upon their shoulders which could be more efficiently dealt 
with by the vocational school in conjunction with the above organi- 
zation. The Milwaukee Vocational School under the direction 
of Mr. R. L. Cooley cannot be given too much credit for whatever 
success the Milwaukee plan has achieved. Through its leader 
it has not only administered efficiently but coéperated magnani- 
mously. 

Milwaukee has ceased to talk apprenticeship in terms of the 
individual plant. It considers the problem only from the com- 
munity viewpoint. 


A NATIONAL ORGANIZATION TO PROMOTE APPRENTICESHIP 
NEEDED 


But Milwaukee realizes that it cannot stand alone. If its 
work is to endure and enjoy a permanent success, each and every 
American industrial community must carry on a similar com- 
munity apprenticeship. In other words, a national program is 
essential. 

Unless this work be conceived on a national basis and a national 
organization be endowed with the powers to promote, administer, 
and traditionalize apprenticeship, an isolated success like that of 
Milwaukee will become temporary and gradually vanish. Every 
American industrial community must be made an intimate part 
of this scheme of industrial education. In no other way can we 
as a nation sustain our industrial supremacy. In no other way 
can we as a nation—and this is more fundamentally important— 
be perfectly fair and just to each young generation as it passes 
out into the world of work and accomplishment. We need a 
national organization and a national plan to inaugurate a pro- 
motional program such as will once and for all place apprentice- 
ship in its proper place in our economic order. Some years ago, 
in 1912 to be exact, a safety congress that convened in Milwaukee 
burst the bonds of provincialism and started what at the present 
time has become the greatest national advertising campaign in 
history. From Milwaukee the inspiration to a national effort for 
universal safety went forth and became shortly not a community 
but a national crusade. 

“Safety” has become a household slogan. “Apprenticeship” 
must become a similar slogan. We must make of our efforts 
through a national body, properly endowed and supported, a 
nation-wide crusade that will enkindle this light of the new in- 
dustrial education in every American community. We need a 
national organization to promote apprenticeship. 

We need a national organization with a national program to 
administer apprenticeship. This burden of training must be prop- 
erly apportioned among our communities. Data, and educational 
and instructional matter must be gathered and assimilated, to be 
used again where its effectiveness will be greatest. A national 
clearing house of this kind is indispensable. The rules of the game 
must be laid down and administered so that all can act justly and 
fairly in carrying on their share of the work. Such reserve of 
strength as a national organization can encourage the faltering, 
strengthen the weak, convert the unbelieving, and administer 
the burden justly among those who are active. 
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Tue TRADITION OF APPRENTICESHIP NEEDED AGAIN IN MODERN 
AMERICAN INDUSTRIAL LIFE 


But above all and foremost do we need to revitalize the tradi- 
tion of apprenticeship in modern American industrial life. Not 
only must our industries prepare a planned life for the young people 
they receive, but the parents of these young people must come to 
regard a planned life as of the highest importance. Apprentice- 
ship must be for them but a continuation of the education of their 
children. It must in fact become as important as an education 
and as a vital and integral part of it. Unless this be made the 
objective of a national program, it must fail. Its moral force, 
its reserve of power, and its prestige can force the attention of all 
elements in present-day American society to this problem of in- 
dustrial education. In this way only can the tradition of appren- 
ticeship be reéstablished and revivified. 


Vou, 47, No. 5 


Milwaukee has achieved some success with this program of 
apprenticeship. All members in its community have begun to 
give that place to apprenticeship in their lives which it justly 
deserves. The metal-trades group has made more than a be- 
ginning toward the accomplishment of this program. Strong 
traditions of prejudice that have almost strangled certain trades 
have been broken. Mothers and fathers are beginning to con- 
sider apprenticeship quite as necessary as a formal education. 
But unless Milwaukee can be supported in this work by every 
American industrial community, it can never hope for final success. 
Until apprenticeship in all lines to which our American youths are 
admitted is generally and universally established upon a national 
basis and promoted, organized, and supported by a national organi- 
zation, Milwaukee can ill afford to, nor does it, glory in its appren- 
ticeship achievements. 


Elimination of Unnecessary Fatigue in Industry 


Abstract of Report of Committee to the A.\S.M.E. Management Division 
By PROF. GEORGE H. SHEPARD,’ PURDUE UNIVERSITY, LAFAYETTE, IND. 


made at the Annual Meeting in 1923 by the late Major 

Frank B. Gilbreth. Since that time there have been no 
noteworthy developments. Dr. Lillian M. Gilbreth has a vast 
amount of data on the subject, but they have not yet been analyzed 
and classified. 

The British Government has organized an Industrial Fatigue 
Research Board to carry out investigations with a view to finding 
out the most favorable hours of work and other conditions of em- 
ployment applicable to industrial occupations. Reports of this 
Board are often useful in the solution of industrial problems, and 
can be obtained from H. M. Stationery Office, 28 Abingdon St., 
London, 8. W. I. It is urged that the A.S.M.E. suggest to the 
American Engineering Council that it point out to the Secretary 
of Commerce the need for similar governmental activity in America. 

Quantitative data regarding the effect of fatigue on production 
are lacking, although to the engineer this phase of the subject is 
of great interest. It is well known that improper seating, nervous 
disorders growing out of unfavorable working conditions that 
bring about fatigue, and the serious eye strains caused by faulty 
illumination, all result in a very appreciable drain on productive 
capacity. Eye fatigue will be studied under standardized condi- 
tions in extensive experiments contemplated by Dr. C. G. Branden- 
burg, Professor of Educational Psychology, C. A. Brown, C. T. 
Shuh, and the writer at Purdue University during the next year. 

Temperature and humidity of the air, and correct ventilation 


‘r- last report to the A.S.M.E. on fatigue elimination was 
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are important elements in reducing industrial fatigue. The kata- 
thermometer has been invented by Dr. Leonard Hill to measure 
the cooling power of the air on the human body, since this action 
has a decided influence on the problem of ventilation. 

The British Industrial Fatigue Research Board have started an 
investigation into the design of machinery in relation to the re- 
quirements of operation. In the past, machines have been de- 
signed from the mechanical rather than from the manipulative 
aspect. 

Research on muscular fatigue, and on the necessary frequency 
and duration of rest periods to overcome fatigue, is being con- 
tinued at Purdue University. 

Prof. Henry J. Spooner, of London, reports that he is making a 
special study of noise as it affects industrial fatigue. He states 
that the National Physical Laboratory during 1924 equipped 
special rooms for the study of sound and developed special appara- 
tus for testing. Particular attention has been devoted to an in- 
vestigation into the sound-absorptive values of different kinds of 
materials used in building construction, and equipment for large- 
scale tests is being provided. The acoustic properties of buildings 
are receiving attention. Photographic studies of sound waves are 
also in progress. 

Professor Spooner further predicts that before long noise wil! 
receive as much attention from hygienic authorities as noxious 
fumes, lighting, heating, ventilation, and sanitation, as an impor- 
tant factor in industrial activity. 

The coéperation and interest of the A.S.M.E. in the effort to 
cut down the waste in industry that comes from unnecessary 
fatigue is greatly appreciated by the Committee of the S.L.E. 
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Factors Concerning the 


Economics of Shopping 


Steam Locomotives 


The Folly of Continuing Obsolete Designs in Service—Trend of Unit Costs Since 1910—Effect of Specific 
Shopping Policy on Cost of Repairs—Bearing of Utilization of Power on Shopping Policy, etc. 
By L. K. SILLCOX,! CHICAGO, ILL. 


HE successful manufacturer must know the units of cost 

to produce his wares, for upon their application depend 

his profits. The universal adoption of more or less detailed 
cost accounts in both large and small establishments and the greater 
scrutiny given to them by owners and managers are real evidence 
of the value of such knowledge and the necessity therefor. Know- 
ing that such information is successfully determined and applied 
in the commercial world, surely it can be as effectively established 
and employed in the matter of railroad-locomotive maintenance 
and be the basis of executive policy with a view toward assisting 
the average motive-power man in carrying out evident possibilities 
for economy and an effective procedure at least cost. 

Economies are of two kinds: internal economies which can be 
carried out independently by the mechanical officer of his own 
motion; and the much greater economies which management, as 
a whole, can only make possible, based on current studies as to 
policies and possibilities. Perhaps one main reason why the jus- 
tice of the principles above stated is not more readily conceded is 
to be found in the fact that it is oftentimes regarded as 
exceptional. The truth would rather seem to be that railroads 
are only typical of the more modern business organizations, and 
should seriously study, regardless of known obstacles, what the 
possibilities really are, and then constantly endeavor, item by item, 
to make progress along fundamental lines; all of which, for the pur- 
pose of our discussion, revolves around the question of the proper 
utilization of motive power. In truth, though we have emphasized 
the point of management policy and imagined an executive fixing 
a complete system, yet no one man, and indeed no combination 
of men, could evolve a best method off-hand from the foundation. 
It can only grow gradually, developing here and changing there, 
in line with economy, as the territory requires or the nature of the 
traffic and the competition in attracting it become an issue. 
But the guiding idea of management having a proper and stable 
policy remains the same throughout. 

The serious question we have before us is the necessity of de- 
ciding upon an accurate unit of measure. We need correct and 
simple facts, susceptible of a clear and concise understanding on 
the part of all concerned, and clear as well as quick application 
by railway officers charged with the duties of maintenance and 
operation. The expenditure for locomotive maintenance so far 
as it is caused by frictional wear and tear will evidently increase 
in direct proportion to the strain of the work imposed upon the 
locomotive; at the same time, to the extent it represents outlay for 
replacement of parts, obsolete though not worn out, so far it is 
independent of work done. Any plan used in the shopping of 
power involves complete consideration as to necessary maintenance 
and the effect from characteristics of service, as well as details 
of motive-power construction, age and availability of shop, round- 
house facilities, ete. Maintenance may be defined as the upkeep 
or replacement of parts as due, based on individual consideration 
of each item with respect to limits of wear, strength requirements, 
and reliability factors. The accounting for the cost of maintenance 
varies with the type of property. Maintenance of locomotives, 
for instance, when finally accumulated for the year and reported 
as required by the Interstate Commerce Commission’s classification 
of accounts, embraces not only the labor and material applied 
together with the allocation of direct overheads, such as shop ex- 
pense, power-plant distribution, store expense, etc., but the de- 
preciation and retirement charges. The carrier has the option of 
determining the rate at which depreciation shall be charged and 
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accumulated currently, but the general principle is to apply a rate 
somewhat consistent with the estimated total life after deducting 
the estimated amount of salvage recoverable when the unit is dis- 
mantled. Any depreciation which is not sufficient when a loco- 
motive is retired is made up by retirement charges applied against 
the locomotive-maintenance account at the time of dismantling; 
therefore equipment maintenance is charged currently with paying 
off the investment as well as overcoming wear and deterioration. 
The maintenance of fixed structures, such as bridges for instance, 
is charged currently as actually incurred, no depreciation being 
accumulated during the life of the bridge but the entire in- 
vestment being charged off to operating expenses at the time of 
final retirement. Taking these facts into consideration, therefore, 
a fixed structure, having a longer life than equipment, requires 
a lesser rate of renewals, and a bridge costing new $64,000 as com- 
pared with a new locomotive costing the same amount will incur 
a final average charge for maintenance and retirement of approxi- 
mately 4 per cent as compared with approximately 15 per cent per 
year for a locomotive. However, in considering the subject as a 
whole from an equipment standpoint, we are able to segregate the 
direct repair cost from other charges, the repairs being confined 
to a sub-account in the classification, which involves labor plus 
shop expense, and material plus store expense. It is a fact that in 
not a few instances much of the expenditure for locomotive main- 
tenance, as reflected in the accounts, is occasioned from patching 
up old construction, even though in some cases this does extend to 
the point where the actual repair cost, as renewed, exceeds the 
major portion of the value of the unit as renewed and, consequently, 
is recapitalized; in which event, nevertheless, the retirement ex- 
pense must be carried in maintenance. 


Tue Fouty or CONTINUING OBSOLETE DESIGNS IN SERVICE 


A close study will very often indicate the folly of spending large 
sums per unit to continue obsolete designs in service for long 
periods when the same amount would be more than sufficient, 
as an initial cash payment, for an up-to-date efficient design of 
greater capacity and less cost to operate or maintain. Let us 
test this by imagining a concrete case. Assume that a passenger 
engine fifteen years old and originally designed to handle a nine- 
car train is now required to carry fifteen cars on the same schedule, 
resulting in a heavy maintenance cost due to frame breakages, 
racking of machinery, valve motion, running gear, etc. Then 
it becomes a question of not only maintenance but investment. 
If the original unit was of 40,000 lb. tractive effort and was co i- 
ing an average of $9000 per year to maintain with a relatively low 
record of 3000 miles per month, then it would seem proper 
to consider a new type of power, say, with 50,000 lb. tractive effort 
which would afford 5000 miles of service per month and yet not 
cost more than $5000 per year for maintenance, making a saving 
of approximately $4000 per year in maintenance cost and increasing 
the performance 66 per cent. This would justify making a change 
in power even though the original unit might have cost $30,000 
and the new unit would cost $60,000. The original unit involved 
a maintenance cost of $9000 per year plus a depreciation charge 
of $750, or a total of $9750 as compared with an estimated 
maintenance cost of $5000 per year for the new unit plus $1500 
depreciation charges or a total of $6500, making a saving in the 
new unit of $3250 per year, to say nothing of additional savings 
in fuel and transportation expenses. At 6 per cent this recovery 
would represent an investment of $54,000, or almost the cost of 
the new unit, but if this were done on a large scale then the amount 
of work would be performed with 66 per cent of the number of new 
units as compared with the number of old units, and thus the 
change would be justified. It should be understood, however, that 
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passenger service is more constant than freight, so that this example 
is not presented with the idea that such a reduction in the number 
of units is possible in passenger service, but is more applicable to 
freight service. The extent to which carriers are developed along 
this line reflects in a general way upon the maintenance policy and 
the cost. Obsolescence of locomotives is a very indefinite measure 
and its application, in general, is entirely according to local condi- 
tions. A locomotive will grow obsolete and costly to operate even 
if it only remains standing, and this same factor will become of 
increased importance if it is kept constantly in operation for a long 
term of years without substantial improvement to care for advan- 
ced practice, due to transportation losses from excess fuel con- 
sumed or questionable reliability in service affecting train move- 
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ments. For this reason it would seem a wise plan to obtain all the 
mileage possible from locomotives, so that the time when they are 
worn out may arrive at least as soon as the stage when they be- 
come out of date. 


Po.ticy Usep 1n SHoppinc Power A CENTRAL Factor 


The same idea of promoting efficiency may be applied to the 
method employed in shopping locomotives, all of which re- 
solves itself largely into a consideration of the program or the 
plan employed as best suited by any given administration. 
There are many elements in the matter of executive policy which 
go to make a relatively high or low maintenance cost, and the 
method of shopping power is one of the primary features to be 
considered. It is possible to hold different opinions as to the 
attitude which it is proper to assume, but aside from the variation 
in the characteristics of power owned, when comparing the per- 
formance of a number of administrations it may be said that the 
policy used in the matter of shopping power becomes a central 
factor and may be considered as the hub of the force at play. The 
range of possibilities in any given case may be easily determined 
from a study of practices obtaining on various systems, but, as 
a matter of fact, there are two extremes, with many variations 
between them. One is what may be termed the “high-frequency- 
shopping” and the other the “low-frequency-shopping” policy. 
The high-frequency-shopping policy is that based on running 
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locomotives through shops with an anticipated service of from 
twelve to fourteen months with a minimum of roundhouse atten- 
tion. The low-frequency-shopping policy is that based on running 
locomotives through shops with the idea of having a service of 
24 months or more and with a greater degree of roundhouse atten- 
tion to attain this length of service. Vital elements in determining 
such a policy are the relation of the number and size of locomotives 
owned to the business handled, the road conditions for hauling 
heavy- or light-tonnage trains, the topography of the country 
traversed, the distribution of industrial centers, the presence of 
large terminals, the spacing and capacity of roundhouses, the dis- 
tribution and assignment of power, the placement of forces as be- 
tween roundhouses and back shops, the rapidity with which mileage 
is run out, and particularly the roundhouse and back-shop facilities 
for handling certain classes of work. Furthermore, where a rail- 
road has back shops of an obsolete character it is practically as 
well off doing its work in roundhouses, and it may be found helpful 
under such conditions to construct small modern back-shop facil- 
ities at critical points to care for division requirements without 
increase in overhead expense. 


TREND oF Unit Costs Since 1910 


The results obtaining under the two extremes of policy men- 
tioned have been observed for a considerable period, and it appears 
that policy is largely governed by local conditions rather than 
local conditions being governed by policy. The road with which 
the author is connected has had experience under both plans, and 
just as a case in point, the general results obtained will be stated. 
Prior to 1921 a high frequency of back-shop repairs was employed, 
but after considerable study the plan was changed to a low fre- 
quency of repairs. The trend of unit costs, etc., both prior and 
subsequent to 1921, is illustrated in Fig. 1. This chart is a graphic 
illustration of the results obtained under these two extremes of 
policy, affected, of course, by the price trend of labor and material! 
in the meantime. The lines plotted represent three general groups, 
one indicating the growth and size of units maintained, another 
the various unit costs of maintenance, and a third the frequency 
of back-shop repairs. The growth of property maintained is repre- 
sented by the dotted line A, which indicates the total tractive- 
effort pounds owned from 1910 by years to the end of 1924. This 
growth was not all in the nature of new equipment but represents 
power added by the acquisition of subsidiary and leased lines a 
well as some new equipment, and to that extent the growth line 
should not be confused with the rate at which new equipment 
might have eliminated obsolescence. This very fact has a marked 
bearing on the cost of maintenance, as the total growth consiste: 
of approximately as many of the smaller and older locomotives 
as of the acquisition of the larger and newer types. As to whether 
or not this extension of property was consistent with the growt!: 
of business naturally depends upon how the acquired lines may 
have increased the amount of business in relation to the amount 0! 
property. It is not desired to elaborate here upon the principles 
of the proper rate of growth of property, but merely to state that 
the method of computing the proper growth would be to determine 
the gross revenues per locomotive owned, «ffected somewhat !»y 
the characteristics of the lines added as to their ability to function 
on a high or low unit train-tonnage basis. Nevertheless the growt! 
of property represents a serious problem in the matter of having 
back-shop development keep pace with it and of getting continuous 
use from power. Fig. 1 also shows the increase in the average 
size of locomotive expressed by the mean tractive-effort pounds 
per locomotive owned. The size of locomotives is an element |): 
the unit cost of maintenance, and it will be noted that this figure 
increased from approximately 24,000 tractive-effort pounds pcr 
unit to 36,000 in 1924, or approximately 50 per cent. The chart 
is confined to steam locomotives only, electric locomotives being 
a separate and distinct problem. It is not possible to state whether 
the growth in locomotive ownership increased more or less tha! 
the revenues or the average train load, as these data are not avail- 
able from the subsidiary and leased lines. 

The feature in Fig. 1 which is deserving of closest study is the 
line D representing the frequency of back-shop repairs. This !s 
arrived at by dividing the total yearly classified-repair output into 
the total owned throughout the year, which expresses the number 
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of years between shoppings thus developed, and this of course 
varies from year to year according to the difference in the number 
of locomotives owned or used and the output. This is based upon 
a classification of repairs instituted during federal control and is 
translated back to 1912. This classification runs as follows: 


Cxiass 1: New boiler or new back end. Flues new or reset. Tires turned 
or new. General repairs to machinery and tender. 

Cuiass 2: New firebox, or one or more shell courses, or roof sheet. Flues 
new or reset. Tires turned or new. General repairs to machinery 
and tender. 

Crass 3: Flues all new or reset. (Superheater flues may be excepted.) 
Necessary repairs to firebox and boiler. Tires turned or new. Gen- 
eral repairs to machinery and tender. 

Cxiass 4: Flues part or full set. Light repairs to boiler or firebox. Tires 
turned or new. Necessary repairs to machinery and tender. 

Cuass 5: Tires turned or new. Necessary repairs to boiler, machinery, 
and tender, including one or more pairs of driving-wheel bearings 
refitted. 

General repairs to machinery will include driving wheels removed, tires 
turned or changed, journals turned, if necessary, and all driving boxes and 
rods overhauled and bearings refitted, and other repairs necessary fora full 
term of service. 

Running repairs unclassified. 

Suffix “A’’ to any class of repairs will indicate that the repairs are re- 


_ quired on account of accident. 


“B” will show the initial application of stoker. 

“C” will indicate the initial application of superheater. 

“DPD” will indicate the initial application of outside valve gear. 

“E”’ will indicate locomotive was converted from compound to simple or 
from one type to another. 

Mallet locomotives will be indicated by a star following application. 

Locomotives receiving Class 1, 2, or 3 repairs must be put in condition 
to perform a full term of service in the district and class of service in which 
they are to be used. 

Class 4 repairs not less than !/) term. 

Class 5 repairs not less than !/4 term. 


It may be generally conceded that the above is not sufficiently 
specific to be a complete measure of output since the divisions are 
not based on work units to a great enough degree to permit of 
judging shop output in detail. 


Cost or Repairs per 1000 Tractive-Errorr Ton-MILES 


The variation in the trend of line D is entirely dependent upon 
the allotment of labor and materials available for maintaining 
equipment. The shopping frequency increased gradually from 
1912 to 1920, and during the latter year locomotives were going 
through at the rate of once every 14.28 months. In 1921 a com- 
mittee was appointed to report upon the economics of shopping 
power, as a result of which it will be noted there was a radical 
change in the frequency of back-shop classes of repairs subsequent 
thereto. This study related particularly to the situation existing 
on the Chicago, Milwaukee & St. Paul Railway and is not offered 
as a criterion for the reason that other conditions often determine 
whether or not such a policy is applicable to any but a specific case. 
The frequency of shopping trend, expressed both in years and in 
months between shoppings, was as follows: 


Years between Months between 


Year shoppings shoppings 
1920 1.19 14.28 
1921 2.20 26.40 
1922 3.30 39.60 
1923 2.50 30.00 
1924 3.70 44.40 


The change in plan necessarily brought about some modification 
in the distribution of machine tools and facilities in back shops 
and roundhouses. Great care had to be employed to avoid de- 
ferred maintenance under such a transition because of the high 
cost incident to overcoming deferred maintenance promptly and 
adequately were this condition to have obtained. The round- 
houses were partially equipped to do the necessary machinery 
and running repair work and in some cases rather heavy boiler 
Work so as to properly maintain the power for longer periods, 
some of the facilities being transferred from the back shops to the 
toundhouses. The back-shop forces were reduced in proportion. 
Prior to the change all judgment as to months good for, miles to be 
Tun between shoppings, etc. was based on the theory that loco- 
motives were good for a term of 12 months only, and consequently 
4large amount of data was prepared to show that this attitude was 
hot in keeping with the operation of the property and therefore 
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should be adjusted to the new method. Prior to 1921 there was 
no specific application of the plan of assigned mileage to be used 
as a basis for shopping power. This method was put into use at 
that time and a statement prepared showing the expected mileage 
to be run out after each classified repair, divided according to types 
of power. It is important that the same mileage should not be 
applied to the same type of power regardless of where or how 
used, and in this respect an assigned mileage for each class of ser- 
vice, type of power, and for each division instead of for the system 
as a Whole is necessary in practice, otherwise classified repairs will 
be made in roundhouses, but not so reported, in order to avoid break- 
ing the mileage. The method of breaking mileage varies throughout 
the country, but this does not affect the data used here. As to 
the results obtained from this change of plan, it should be under- 
stood that there have been some wage and material price variations 
since 1920, but these adjustments account for approximately 14 
per cent of the reductions attained. The cost trends on the chart. 
merely indicate the actual reductions, with no separation between 
fluctuations in the cost of material and labor, shop efficiency, ete. 
The cost per locomotive-mile during the high-wage period of 1920: 
reached 34 cents when the shopping frequency was 14.28 months, 
but after the frequency of back shopping was reduced the cost 
steadily declined and in 1924 was less than 26 cents. This repre- 
sents a reduction of approximately 24 per cent. The cost per 
tractive-effort pound was reduced from 27 cents in 1920 to 16.5 cents 
in 1924, or 39 per cent. The cost of repairs per locomotive owned was 
$9300 in 1920 and $6000 in 1924, or a reduction of 35 per cent. The 
cost per thousand tractive-effort ton-miles was reduced from 
1.075 cents in 1920 to 0.676 cent in 1924 or 37 per cent. In the 
meantime the average size of locomotives increased 6 per cent. 
The method of measuring the cost of repairs per tractive-effort 
ton-mile was to take the tractive-effort pounds owned, reduce them 
to tons, multiply by the miles run in thousands, and divide this 
into the cost of repairs, Account 308. (This unit should not be 
confused with ton-miles hauled; it is entirely independent of the 
rate of grade or curvature and is merely the force of one ton 
acting parallel with the rails and at the circumference of the drivers 
through a distance of one mile). Expressed as an equation, 


D = 
A B 
2000 1000 
where 
A = total tractive-effort pounds owned 
B = total locomotive miles run during year 
C = cost of repairs, Account 308, or exclusive of depreciation, 
retirement, ete. 
D = cost of repairs per 1000 tractive-effort ton-miles. 


As previously stated, there were reductions in wage rates and cost 
of material in this period, so that the entire reduction is not to be 
credited to the change in plan referred to. 

Finally, we have seen that this principle of shopping locomotives 
is in no sense special or peculiar. As to whether or not a policy as 
outlined could be taken as a criterion, it would be difficult to state. 
The plan was adopted for the C. M. & St. P. system because it 
appeared to be properly applicable. It is a matter of interest in 
this connection, however, to make a study of ten carriers where 
there is a wide range of policy, using the same units outlined above. 
The value of the units used cannot be considered as entirely in- 
trinsic and for that reason the method employed should not be 
considered as absolute. The chart of Fig. 2 is offered as a result 
of a study of various carriers, some having a high-frequency and 
some a low-frequency method. In plotting the data, scales were 
used merely to throw relative items together in order to indicate 
those which run in a certain ratio and those which run inversely. 
The horizontal scale is the average tractive-effort pounds per loco- 
motive owned—to show the size maintained. The data are based 
on 12 months in 1924. 


Another point may be observed. In the matter of performance 


the average miles per locomotive run per year is given by line 
A. This shows a difference in performance which does not follow 
relatively the variation in size of power, indicating many degrees 
The mileage ranges from 20,800 to 28,500 


in intensity of use, ete. 
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per locomotive per year. The carrier with the largest size of power 
made practically the same mileage per locomotive as the one with 
the smallest size of power shown on the chart, whereas those ad- 
ministrations with locomotives of a size ranging between the two 
extremes made less mileage per locomotive. This may be con- 
sidered an element of performance and demand characteristics of 
the lines involved. In this case the highest mileage was 37 per cent 
greater than the lowest shown. 

The cost per locomotive-mile as shown by line B is low for 
the carrier having the smallest size of power, being less than 17.5 
cents, and is high for the one having the largest size of power, the 
upper range being a little less than 30 cents per locomotive-mile. 


est OFICOST OF AVERAGE TRACTIVE~EFFORT POUNDS PER LOCOMOTIVE OWNED 
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Fic. 2 Comparison oF Cost oF MAINTAINING STEAM LOCOMOTIVES 
CoNSIDERING AVERAGE S1zE, AVERAGE MILEs, AND CosT oF REPAIRS PER 
Mie per TRACTIVE-EFForRT PouNnD AND PER 1000 TRACTIVE- 
Errort Ton-MILes 


The average size of power expressed in tractive-effort pounds was 
47 per cent greater in the largest average size as compared with the 
smallest average size, whereas the cost per mile was 71 per cent 
greater for the larger than the smaller power, so that it may be said 
that in this case the cost increased one and one-half times as the 
unit size of power increased. This figure is not in itself entirely 
significant. 

The cost of repairs per tractive-effort pound being a measure of 
size only, does not run in direct ratio with the increase in size. 
It will be noted that while the smallest size of power has the lowest 
cost of repairs, the largest size of power does not have the highest 
cost of repairs, both being exceeded by carriers having locomotives 
of intermediate capacities. The composite factor of cost of repairs 
per thousand tractive-effort ton-miles, consisting of the size and 
mileage, ran somewhat inversely with the capacity of power owned, 
with variations in the intermediate sizes. Here it is interesting 
to note that the smaller size of power cost more than the larger, 
the result being due in this case to the carrier with the larger 
power running about the same mileage per unit as the carrier with 
smaller power. 

There would be no profit in going further into details, since these 
data are presented merely as a matter of comparison and to illus- 
trate the fact that it is most difficult to establish a criterion or a 
‘specific policy which is applicable in all cases. Road character- 
istics, density of traffic, and many other elements must be considered 
in any calculation that aims to be complete and conclusive. How- 
ever, in general it has been found that carriers using large-size 
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power have a fairly high frequency of back shopping, which is of 
great interest in this study because it is evidence, for the most part, 
of intensive use and a more or less uniform power demand. Thus 
far the frequency has been stated in terms of time only. It is 
affected very largely by the rapidity with which mileage is run out, 
and therefore, in a general way, reflects whether carriers are long 
or short in their power ownership. 

These data indicate that as the average tractive-effort pounds 
owned increases, the cost of repairs per mile increases in a rather 
definite way; that the average miles per locomotive run and the 
average cost of repairs per tractive-effort pound have the same 
range characteristics; and that the average cost of repairs per 
thousand tractive-effort ton-miles varies somewhat inversely with 
the average tractive-effort pounds per unit owned, with intermediate 
fluctuations. 

In using tractive-effort ton-miles as a unit of measure in this case 
it should be understood that there is a variable feature in the actual 
amount of capacity employed as compared with the maximum 
available. The larger units may or may not exert as great a per- 
centage of the total tractive effort as the smaller units, and to the 
extent of this variation this measure must be considered only with 
the knowledge thereof. Here again maximum or ruling gra- 
dients, scheduled tonnage, etc. are factors showing how near the 
capacity available is utilized as compared with the maximum 
at hand, and the studies given here are made only with the inten- 
tion of indicating that, regardless of any units of measure used, there 
are local conditions which determine the differences in the showing 
made and that these are usually found to justify the outcome. 
The tabulations are therefore presented with the necessary reserva- 
tions as to limits of their scope. This unit of measure does not in- 
clude the work performed, that is, the tonnage hauled, which if 
added would doubtless give trends differing from those shown on 
the chart; but the tonnage hauled is a matter of record in freight 
performance only, whereas the data thus far considered apply to 
all classes of power. Statistics are now available to show the gross 
ton-miles per freight-train-hour, which is a fair measure of loco- 
motive performance when considering the average size as well as 
the number of units employed. This reflects efficiency in train 
handling as well as corresponding utilization of power, and where 
there is prompt turning in roundhouse care and running repairs 
fewer locomotives may be used for a given traffic, thus building 
up a reserve and maintaining a proper shopping period. It is neces- 
sary, of course, to apply such data to road engines only, and this 
can be done with the information at hand. The variation among 
carriers in such performance is quite extreme, some having as hig) 
as 26,000 and others as low as 12,000 gross ton-miles per train- 
hour. This difference is far greater than the average size of power 
and other influencing factors such as grades, curvature, signal 
stops, etc. would indicate, and leaves open to study the question 
of greater development along the line of utilization of power and 
consequent shopping methods. 


Errect oF Speciric SHoppinGc Pouicy ON Cost or REPAIRS 


Just what effect the specific policy followed has upon the trend 
of the cost of repairs is not thoroughly ascertainable, but it would 
seem that a minimum cost may be expected when it has been ce- 
finitely established that a proper balance between classified and 
running repairs has been arrived at. No specific formula for reach- 
ing this division has yet been developed. A study of the cost of 
repairs per mile divided between running and classified work does 
not present a solution, because whenever it is necessary to decrease 
or increase forces and expenses, the fluctuation is felt directly in 
the back shop and only indirectly in the roundhouse. It is gen- 
erally known, of course, that whenever it becomes necessary to 
curtail expenses or make reductions, it is a simple matter to close 
the back shops but not possible to make corresponding reductions 
in roundhouses because certain forces must be maintained in the 
latter at all times, and under such circumstances even in larger 
number. For that reason running-repair costs follow a more uni- 
form trend, and the policy of the extent to which engines are given 
running repairs in roundhouses must be fashioned according to the 
relation of road time to time allowed for turning, which is largely 
affected by the units available for service call. Running repairs 
are not so directly affected by the disposition of revenues as classi 
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fied repairs except where the carrier is in a position to enjoy re- 
venues which exceed the expenses to such a degree as to constantly 
insure earning the net requirements. There is no argument against 
the great need of having uniform forces and avoiding the closing of 
shops, because excessive fluctuations in forces cause repair programs 
and the continuity of work to be disrupted, and in addition destroy 
discipline. Shop output is, generally speaking, directly affected 
by fluctuations and expenses, and this seriously affects the fre- 
quency of classified repairs. 

One way of measuring performance with shop output is to com- 
pile the locomotive-miles run since last shopping, setting this up 
in a cumulative way monthly and comparing it with the miles 
restored in classified repairs. The miles restored must necessarily 
be based on the assigned mileage, and the balance between miles 
run out and restored cannot be accurately judged unless the as- 
signed mileage is practically correct and consistent with actual 
performance. When the assigned mileage is set too high, then there 
will be more restoration of mileage reported by shop output than 
is actually run out; on the other hand, if the assigned mileage is 
too low, then the restoration is not in keeping with the run-out 
mileage. The experience of the C. M. & St. P. along this line has 
developed the fact that the application of the assigned mileage for 
each type of power, regardless of its use, is not sufficiently specific, 
and such process, when employed, needs revising by developing an 
assigned mileage for each type of power and for each division so 
that the local characteristics as to track, curvature, gradients, 
service, consequent tire and lateral wear, and boiler repairs can be 
considered as factors. Theoretically it is possible to group repairs 
into time cycles, but time is only one of the elements of shopping 
power, and as the frictional wear is mostly overcome in round- 
houses the time element for shopping power resolves itself very 
largely into cycles based on necessity for heavy boiler repairs. 

The factors used by the author’s read in the general plan of 
shopping are assigned mileage, time, and actual physical condition 
based on customary and frequent inspections. Where there is a 
low rate or run-out mileage, time enters into the calculation to a 
greater degree than where mileage is run out rapidly. Physical 
condition is a vital element to overcome the differences in divisional 
characteristics or variations in the service rendered according to 
track, water, and other features. In addition, it can be arranged 
to set a limit to expenditures for the various types of power accord- 
ing to the class of repairs to be given, any overexpenditure to be 
reported and explained so that extraordinary repairs may be a 
matter of record. The regulation of frequency of repairs to loco- 
motive parts is a matter of long-range study and the cycling of re- 
pairs cannot be followed specifically in all cases, although it has 
been the company’s general policy to endeavor to follow a class 
No. 3 repair with a No. 4 or No. 5 and then with another No. 4 
or No. 5 followed by a class No. 3, in other words, having two minor 
repairs between two major repairs; but this depends upon the nature 
of service performed and the severity as well as the rapidity with 
which mileage is run out. It cannot at the outset be presumed that 
we can obtain approximately 50 per cent of the mileage between 
classified repairs for the first class No. 3 repairs and then 25 per cent 
for each of the minor repairs, as experience has developed that 
inasmuch as taking up lateral, tire turnings or changes, etc. con- 
stitute a classified repair, tire and lateral wear develop and become 
due for renewal just as soon after a class No. 3 as after a class No. 4 
or No. 5 repair; so that it is well to contemplate a distribution of the 
mileage and make it equal for each class of repairs, whether a No. 3, 
No. 4, or No. 5 class, but regulate the cost of each shopping accord- 
ingly. 


A Srupy or ENGINEHOUSE OPERATION 


A study of shop and roundhouse facilities cannot be summarized 
in terms of specific units so as to outline the direct effect upon 
policy and the results thereof. It involves the number of round- 
houses per mile of track, the frequency of turning locomotives or 
the miles run between turnings, etc. As a matter of interest, it may 
be stated that during the time in which the change in policy referred 
to was taking place, studies were made of enginehouse operation not 
only as to repairs made but as to the cost of turning power, fre- 
quency of turning, etc. with results shown in the table imme- 
diately following. 
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Transportation Expense (Not 


Maintenance) 
1922 1923 1924 

Average turnings per month... . 53,572 59,784 54,911 
Average cost per month........ $430,492 $384,969 $331,830 
Average cost per engine turned. 8.30 6.44 6.04 
Average cost per engine-mile, 

Average miles run between turn- 


No comparison can be made with other carriers in this respect be- 
cause the methods of counting engines turned, the accuracy of 
distributing charges, the nature of roundhouse facilities, etc. vary 
too greatly. The above figures are merely given to show that the 
trend in other expenses affected by locomotives was downward the 
same way as indicated in Fig. 1. It is very apparent that the 
frequency of turning power decreases with the increase in average 
distance between roundhouses, and that the average miles per 
engine turned will increase with the spread in distance between 
roundhouses. This naturally involves the general study of util- 
ization of power. 

A statement of the actual hours of service per engine per day 
reflects the intensity of use and efficiency in turning, all of which 
depends largely upon the condition of power, the amount owned, 
and the character of maintenance. We have not been able to 
observe any adverse effects on the turning of engines because of 
decrease in frequency of back-shop repairs; it might have been 
assumed that so low a frequency as was developed in the change 
of policy would throw too much of a burden upon roundhouses for 
intermediate repairs and increase the hours of detention. The 
cost per mile of running repairs incurred in roundhouses is greater 
than the cost per mile of classified repairs made in the back shops, 
the former running rather uniformly with the number of engines 
turned and the latter fluctuating more in relation to increase or 
decrease in operating expenses because of regulating them accord- 
ing to revenues. 

The formulation of a specific policy of back-shop attention to 
power, therefore, must consider a wide scope of performance, em- 
bracing the amount of property owned in relation to the demand 
and use thereof, the type and size of power, shop and roundhouse 
facilities and their relation to each other, road conditions, rapidity 
with which mileage is run out and restored, the ability to maintain 
a minimum but uniform force in back shops throughout the entire 
year, the ability in addition to increase the rate of repairs in the low- 
peak-loading months so as to have a larger supply available for 
service in high-peak months, the range of variation between high- 
and low-peak months, etc. Where back-sbop and roundhouse 
facilities are modernized and properly regulated by means of ma- 
chine tools, power plants, handling devices such as cranes, hoists, 
tractors, manufacturing devices and an adequate store stock, it 
should be possible to determine closely the final balance between 
classified and running repairs with its relation to the cost of per- 
formance expressed in various units of measure, some of which 
have been outlined above. 


BEARING OF UTILIZATION OF POWER ON SHOPPING PoLicy 


The utilization of power requires careful and detailed study 
because any variation must of necessity have a marked bearing 
upon shopping policy. It has been found when comparing the 
performance of a greater number of carriers than used in plotting 
Fig. 2 that the tendency to run out locomotive-miles rapidly in- 
creases somewhat with the increase in size of power, and, as before 
stated, the rate at which mileage is run out is a determining factor 
in the proper frequency of classified repairs. There is a great 
variation in the mileage performance, and this reflects either good 
or poor power assignment and use, or a high or low density of 
traffic. Where the percentage of locomotives required for business 
is large in relation to the total ownership, where the monthly mileage 
is high, and where the hours of service per day are above the average 
of eight, this reflects a small reserve for detention in and awaiting 
shops, and the back-shop efficiency is then a more vital factor and 
the time consumed in making repairs is a greater element than where 
opposite conditions prevail. The average number of days out of 
service for the item of in and awaiting shop is not a matter of 
uniform record and therefore is not always available, but it is well 
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to make mention here of the importance of having for this purpose 
a detailed knowledge of the number of days locomotives are out of 
service. It is possible to arrive at the average days of detention 
in the past so as to regulate the future by the use of the following 
formula: 


Let A = average number of locomotives in and awaiting shop 
per month 
B =, total locomotives owned 


C = total days in the year and 
D = frequency of shopping. 
Then 
; x C = Average number of days detention per 


locomotive per year 
and 
‘ x C X D = Number of days detention per shopping. 

In cases where the percentage of power in service is low as com- 
pared with the total owned it is usually found that the hours of 
service per day are low or approximately six, which makes it pos- 
sible to have a large waiting list and to turn locomotives less rapidly 
through the shops and still have ample protection for service. It 
would be expected that where the average size of power was small 
there would be more units out of service than where the average 
size of power was large, other things being equal, but on the other 
hand the data supporting the chart indicate that where large 
power runs out mileage as rapidly as small power it incurs a greater 
frequency of back-shop repairs, probably due to terminal facilities 
not having been improved to the same extent as the motive power. 
With some carriers the shopping detention is serious, while with 
others it does not create a problem; yet the tendency should be 
to increase the utilization of power, and increased utilization will 
depend largely upon its condition and the degree of maintenance. 
A campaign along the lines of reducing the number of units in 
active service to a minimum consistent with traffic handled, based 
on the average miles per locomotive despatched or the average 
miles between locomotive turnings (enginehouse operation) will 
necessarily avoid the purchase of new equipment for the purpose 
of increasing the complement, because when longer runs are in- 
stalled and fewer locomotives are used for a given service, this na- 
turally builds up a surplus. With a surplus of power the shopping 
problem is less acute. Where the gross ton-miles per train-hour 
indicate a slow movement in a territory where traffic is dense, 
trains should not be delayed because of short runs made by loco- 
motives and frequeng delays due to changing power. Movement 
in this case requires acceleration, and to overcome this trouble it 
is necessary not only to increase the length of locomotive runs 
but to eliminate intermediate terminals and classify trains so that the 
local service will be confined to the fewest possible trains, permitting 
a greater number to proceed without such interruption. Intensive 
service requires a revision of the method of repairs, and in some 
cases calls for a higher standard of repairs than where more loco- 
motives are used in the same service. The objective should be 
to get more locomotive-miles per month out of fewer active loco- 
motives and more hours of service per day out of each locomotive; 
then other factors will naturally increase the gross ton-miles per 
train-hour. 

Turning to the problem of the time element applied to locomotive 
output, where orders are issued to shops for locomotives of a certain 
character to be made ready for service on short notice, the time 
factor, as regulating the date of delivery, is very often a matter of 
supreme importance. A study of this question very soon brings 
to light an intricate problem with which supervisors and others in 
authority wave to grapple. One of the outstanding factors is that 
of the machine-tool and material-handling equipment, with which 
is identified the means of producing work rapidly and to the best 
advantage. Many of the latest machine tools, cranes, tractors, 
etc. are conspicuous for the facility with which they can be operated, 
the controls being conveniently placed, thus saving time in setting 
up and subsequently handling the machines. Another equally 
vital point is that of the organization of the work, which must, if 
time is to be saved, be planned on a definite and progressive sys- 
tem. All these measures are applicable to old as well as to the 
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most modern new shops; however, they are likely to lose much of 
their value unless the workmen themselves coéperate in the avoid- 
ance of time wastage. Slackness in commencing work when first 
arriving at the shops or in resuming after an interval may result 
in an aggregate representing a very considerable loss of time, and 
make it difficult or impossible to get the engines completed to 
schedule. Similarly, stopping unnecessarily soon each day before 
the whistle blows, if indulged in on anything like a wide scale, 
must necessarily reduce the effective value of the working day. 
Piece-work and unit-output-measure systems are designed to make 
such action on the part of the workmen unprofitable to them, 
but even where these are in force it is often found impossible to 
correct the loss. It is therefore only through the strict coéperation 
of every one concerned, combined with proper shop systems and 
the use of tools and facilities fully adapted to their purpose, that 
rapidity of production can be assured. 


CONCLUSION 


One point of serious practical importance remains, namely, that 
the designated mechanical officer should place before his executive 
a practical and sound analysis of the requirements for the upkeep of 
motive power, shops, power plants, and tool equipment, and recom- 
mendations for expansion or rehabilitation to save against existing 
unit expense known to be out of keeping with the possibilities for 
best achievement. It is also desirable to view the problem from 
the standpoint of (1) Performance, (2) Cost, and (3) Progress. 

In making submissions for proposed expenditures they may be 
grouped under items or savings as dealing with: 

1 Fuel 

2 Labor 

Materials 

4 Delay to Train Movements 

5 Accident Prevention or Personal Injury. 
Once we have grasped these fundamental facts, we can promptly 
get rid of not a few popular fallacies already referred to. It is 
regrettable and not a little surprising that in fixing ordinary running 
expense and upkeep the budget allowance to be approved by any 
administration should fail to be based upon the requirements a 
made necessary because of traffic or operating conditions and com- 
plying with a general policy formulated to properly care for condi- 
tions in the most effective and economical manner, and not altered 
to fluctuate with current temporary drops in traffic, which are 
often seasonal. Where there is an increase or decrease in business 
handled during a long period it is necessary to modify the assign- 
ment of forces employed in such a way as will permit of increasing 
forces economically, that is, gradually, if materials and facilities 
are in readiness to absorb the advantage of greater forces to be 
employed, and to decrease them without permitting the property 
to depreciate or build up deferred maintenance. Such changes in 
the budget should never be made without the most careful con- 
sideration of all phases of the problem, based on considerations of 
a broad policy. For instance, during the course of five or ten years 
the traffic on a given property may warrant certain expenditures 
for maintenance of locomotives, shops, power plants, tool equip- 
ment, and new locomotives; this expenditure should be made con- 
stantly each and every year. The policy of trying to maintain an 
even or favorable allocated net earning capacity each monthi, 
regardless of the business handled, in order to save against financial 
fluctuations as to credit or stock issues, acts to cause a considerable 
influence to make administration difficult, particularly during low 
seasonal movements. An accumulative allocated net trend, with 
a full knowledge of balances between losses and gains, should 
permit of a more even flow of maintenance work. Unless this is 
done a stable policy cannot readily be worked out or maximum 
economy obtained with a minimum outlay for facilities and for 
labor. What should be arrived at is a reasonable maintenance 
standard for the property as a whole. The basis should be 
gaged from a consideration of the general earning capacity and 
also upon the kind and class of traffic handled. With this part cor- 
rectly fixed, slight fluctuations in business should not materially 
alter the yearly progress as applied each month with the view to- 
ward stability of employment and proper discipline and adminis- 
tration of the work. In a large sense the motive-power man is 
only as successful as his management will let him be. This is one 
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of the reasons why so many able men have left the railroad service 
for other and more productive fields. Every motive-power man 
of wide experience knows what a lack of executive support or full 
coéperation means. The best policy on earth avails little if. it 
does not have support from the top of the organization down. 
Too many of our executives judge 


the mechanical man by locomo- 
tive-miles produced without any direct reference to work done by 


the locomotives, which is a vital factor. It is for this reason that 
data was presented here to indicate not only mileage performance, 


but a composite factor of mileage and size or capacity. 
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One other point in conclusion: It has 
the case that, regardless of all of the devices and methods employed 
to increase the efficiency of power, the personnel and organization 
employed are the most important in this respect. There is a great 
difference of opinion as to whether or not a locomotive is due for 
shopping. Judgment in this respect varies, but the basis depends 
largely upon training and the policy adopted, whether expressed 
or implied. The psychology of high or low frequency varies. The 


human factor in shopping policy is as vital as the material 
factor. 
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Analysis of Power-Plant Performance Based on the 


Second Law of Thermodynamics 


Details of a Step-by-Step Method of Analyzing Power-Plant Performance That Shows the Losses of 
Available Energy Occurring in Each Stage of the Process 


By Wm. L. DeBAUFRE,! LINCOLN, 


T IS customary to analyze power-plant performance by pre- 
paring a heat balance based on the first law of thermodynamics 
to show the distribution of the heat of combustion of the fuel. 

The object of operating a power plant, however, is not to distribute 
heat but to convert heat into mechanical work. An analysis based 
upon the second law of thermodynamics is therefore much more 
enlightening than the usual first-law heat balance, because such 
an analysis shows the lost opportunity for converting heat into 
mechanical work due to the imperfections in each stage of the 
process. 

Before presenting such an analysis, some remarks will be made 
upon the second law of thermodynamics. These remarks are 
believed to be in order since engineers apparently have such a hazy 
idea of the meaning of the second law. The first law can be stated 
in very simple words, such as: 

Heat and mechanical work are different forms of energy, 

and when one is converted into the other, the ratio is 

778 ft-lb. to 1 B.t.u. 
The same brevity has been attempted in stating the second law, 
with the result that this law has generally been a jingle of words 
rather than a working tool. In order to present a definite con- 
ception of the second law which will enable it to be used as the basis 
for an analysis of power-plant performance, some very elementary 
principles will first be stated. 

To do mechanical work it is necessary to exert a force through 
a distance, because work is so defined. The addition of heat to a 
solid body or to a fluid generally expands the substance, even 
against considerable resistance. The mechanical work thus per- 
formed is equivalent to a greater or less proportion of the heat added. 
With isothermal expansion of air under moderate pressures, for 
example, practically 100 per cent of the heat added is converted 
into mechanical work. The idea that such a thing is impossible is 
one widespread misconception of the second law. The second law 
of thermodynamics, however, does not apply to this case, but only 
to cases where the same medium must be used over and over again. 

Under this limitation it is impossible on this earth to convert 
into mechanical work 100 per cent of the heat supplied for the reason 
that some heat must be rejected by the working substance to con- 
tract it in order that it may again be expanded in using it the second 
time. To expand the working substance there must be a “source 
of heat” at a higher temperature than the working substance; 
and to contract the working substance there must be a “source of 
cold” at a lower temperature. By bringing the working substance 
alternately into contact with the “source of heat’’ and the “source 
of cold,” mechanical work may be performed equivalent to the 
difference between the heat supplied from the source of heat and 
that rejected to the source of cold. 

As shown by Carnot, there is a certain maximum ratio of the 
heat converted into mechanical work to that supplied from the 
source of heat, which ratio is the efficiency of a perfect engine. 
This ratio is a function of the upper and lower temperatures only, 
and is independent of the nature of the working substance used in 
the perfect engine. The Carnot cycle shows theoretically how this 
perfect engine must operate. The Stirling cycle shows another 
method of attaining the maximum efficiency, but a working sub- 
stance with certain specific-heat relations is required. 

From textbooks on thermodynamics, the following mathematical 
expressions may be obtained for the maximum possible conver- 
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sion of heat into mechanical work and the corresponding minimum 
rejection of heat to the source of cold with the Carnot cycle. Call- 
ing these quantities the ‘available energy” and “unavailable en- 
ergy,” respectively, we have 


Available energy, dW dQ = (T — T))dS..... [1] 
where 7 = absolute temperature of the source of heat 
T. = absolute temperature of the source of cold 
dQ = heat supplied at temperature T to the working sub- 
stance in a perfect engine 
dQo = heat rejected at temperature T; by the working 
substance in a perfect engine 
dW = heat converted into mechanical work by a perfect 
engine, and 
dS = dQ/T, by definition the change in entropy of the ma- 


terial source of heat. 


These mathematical relations express the second law of thermo- 
dynamics for which the following statement is proposed: 


When a medium is used to convert heat into mechanical 
work by operating in a closed cycle between an upper 
absolute temperature 7 and a lower absolute temperature 
To, only a portion of the heat supplied at the upper tem- 
perature can be converted into mechanical work when the 
lower temperature is above absolute zero; and the relation 
between the heat supplied at the upper temperature dQ, 
the maximum quantity available for conversion into me- 
chanical work dW, and the minimum quantity rejected 
at the lower temperature dQo, is given by 


This relation also applies to the reverse operation, but we are not 
at present concerned with refrigerating machines. 

Based on this statement of the second law of thermodynamics, 
it is possible to analyze the performance of a power plant step by 
step and tabulate the losses of available energy occurring in each 
stage of the process. In explaining this analysis to classes in ther- 
modynamics, the greatest difficulty encountered has been to get 
the students to understand that the perfect engine of Carnot or 
Stirling is applied simply as a measuring rod at each step of the 
process, none of the fluids in the power plant analyzed being the 
medium used in the perfect engine. The underlying conceptions 
for this analysis are: (a) A perfect engine is assumed to be operated 
by heat supplied from each of the actual fluids in turn, furnace 
gases, steam, etc. at each step in the process; (b) The temperature 
of heat supply will vary according to the change in temperature 
which would be experienced by the fluid in question giving up its 
heat to the perfect engine; (c) The temperature of exhaust of the 
perfect engine will be constant and equal to that of the atmos- 
phere or of the water available for condensing purposes. 

In applying relations [1] and [2] to determine the available energy 
and the unavailable energy at any step in the process, the calcu- 
lations are very simple when steam is the source of heat to the per- 


fect engine because the entropies of steam are tabulated. In this 
case, by integration of [2] we have 
Unavailable energy, Qo = To(S; — S2)........... [4] 
Available energy, W = Q — Qp.............-. [5] 


4 
dQ dw dQo (3) 
7 T — 7% To 
b 
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where S, and S; are the entropies of the steam at the beginning and 
end, respectively, of the withdrawal of heat which is supplied to 
the perfect engine. 

For the furnace gases, of which the entropies are not known, 
Formula [2] may be integrated by using the relation 


where a and 6 are the specific-heat coefficients. Relation [6] may 
be integrated to obtain the heat supplied by the furnace gases in 
cooling from 7, to 72, namely, 


Energy supplied, Q = a(7; — T2) + 
= E +3 (Ti+ r)| [7a] 

Integrating [2] with the aid of [6], we have 
Unavailable energy, Qo = aT log. + b7T,(T; — T:).......[8] 
Available energy, W = Q — [9] 


When the specific heat may be assumed constant with a sufficient 
degree of accuracy, Formulas [7] and [9] reduce to 


[10] 


ll 


Energy supplied, Q 


T. 
Unavailable energy, Qo = aT loge = ......... 
2 


{12] 


The calculations for unavailable energy are simpler than for 
available energy; and as the change in unavailable energy for any 
stage of the process must equal the change in available energy, 
the former is generally calculated in preference to the latter. 

As an example of the application of the second law of thermo- 
dynamics enunciated above, the performance of a locomotive will 
be analyzed, the following data being taken from Pa. R.R. Bulletin 
28, for test No. 3925 of Mikado type locomotive, Pa. Class L1s: 


Available energy, 


Heating value of coal................-... 14,044 B.t.u. per Ib. of dry coal 


Temperature of superheated steam in branch pipe........ 555 deg. fahr. 


193.7 lb. gage, say, 208 lb. per sq. in. abs. 


Pressure in exhaust passage........ 8.2 lb. gage, or 22.4 lb. per sq. in. abs. 
Dry coal fired per sq. ft. of grate surface................ 86.6 Ib. per hr. 
Steam to engines per lb. of dry coal fired.................... 7.03 lb. 
Steam per indicated horsepower................+-seee0- 18.2 lb. per hr. 


The calculations for the ordinary heat balance based on the 
first law will first be made: 
1297.4 B.t.u. per Ib. total heat of superheated steam from steam 

tables 
38.1 B.t.u. per Ib. heat in feedwater from steam tables 
1297.4 — 38.1 = 1,259.3 B.t.u. to produce one lb. of steam 
1259.3 & 7.03 = 8853 B.t.u. transmitted to the steam per lb. of 
dry coal. 

For a temperature of 2490 deg. fahr. in the fuel bed and a heating 

surface temperature of, say, 390 deg. fahr., we have 


460 + 2490\* (460 + 
— I 1000 ) ( 1000 7 
1600 (75.74 — 0.52) = 120,350 B.t.u. per hr. per sq. ft. of grate 


surface radiated from the fuel bed to the 
heating surface 


me 1390 B.t.u. per Ib. of dry coal reaches the 
86.6 heating surface by radiation 
8853 — 1390 = 7463 B.t.u. per lb. of dry coal reaches the 
heating surface by convection. 
Assume the specific heat of the products of combustion to be 
given by 0.24 + 0.00002 7, where 7 is the absolute temperature 
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in degrees fahrenheit. The mean specific heat between 7, and 7; 
is then given by 0.24 + 0.00001 (7, + 72) B.t.u. per lb., or ac- 
cording to Formula [7a], 
[0.24 + 0.00001 (460 + 2490 + 460 + 494) ](2490 — 494) = 
0.279 X 1996 = 556.9 B.t.u. per Ib. of products of combustion 
given up to heating surface 
7463 
556.9 
[0.24 + 0.00001(460 + 494 + 460 + 70)](494 — 70) = 
0.225 X 424 = 108.1 B.t.u. in stack gases per Ib. of gases 
108.1 X 13.40 = 1449 B.t.u. in stack gases per lb. of dry coal 
8853 + 1449 = 10,302 B.t.u. per Ib. of dry coal produced by 
combustion 
14,044 — 10,302 = 3742 B.t.u. per lb. of dry coal lost by unburnt 
fuel, incomplete combustion, etc. 


= 13.40 lb. of products of combustion per lb. of dry coal. 


18.2 

703 7 2.59 lb. of dry coal per hr. burned per indicated horsepower 
2546 

559 7 983 B.t.u. converted into mechanical work per lb. of dry coal 
8853 — 983 = 7870 B.t.u. in exhaust steam per Ib. of dry coal 

7 

a“ = 1119 B.t.u. per lb. of exhaust steam above 70 deg. fahr. 


1119 + 38 = 1157 B.t.u. per lb. total heat of exhaust steam 
202.2 + x X 957.8 = 1157, whence x = 0.997 = dryness fraction 
of exhaust steam. 


Note: The temperature in the exhaust pipe was 263.1 deg. fahr. by 
measurement, thus indicating 29 deg. of superheat. It is therefore probable 
that the superheat in the steam initially was greater than measured. To be 
consistent, however, the exhaust steam will be assumed to have the quality 
calculated. 

First-Law BALANCE 


B.t.u. Per cent 
Heat lost by unburnt coal, etc............ 3,742 26.7 
Heat lost in stack gases.................. 1,449 10.3 
Heat converted into work................ 983 7.0 
Heat rejected in exhaust steam........... 7,870 56.0 
Heating value of dry coal............. 14,044 100.0 


Calculations for the second-law balance will now be made of 
available energy and unavailable energy at each step of the process 
in order to determine the loss in available energy, or gain in un- 
available energy, during each stage. We shall assume the lower 
temperature to be that of the feedwater, 70 deg. fahr. (530 deg. 
abs.) 

During the first stage of the process, namely, the combustion of 
the fuel, the 3742 B.t.u. per lb. of dry coal not produced by reason 
of unburnt coal, incomplete combustion, etc. is evidently un- 
available for conversion into mechanical work. 

Of the 10,302 B.t.u. per lb. of dry coal resulting from combustion, 
1390 B.t.u. are radiated from the fuel bed at the constant tem- 
perature of 2490 deg. fahr. From Formula [2], 


1390 x dato = 1390 X 0.1797 = 250 B.t.u. per Ib. of dry 

+2 coal unavailable portion of radiant heat. 

1390 — 250 = 1140 B.t.u. per lb. of dry coal available portion of 
radiant heat. 

The remainder of the 10,302 B.t.u., namely, 8912 B.t.u. per Ib. 
of dry coal, reaches the heating surfaces by convection of the furnace 
gases. That is, this heat leaves the furnace in 13.40 Ib. of products 
of combustion at 2490 deg. fahr. (2950 deg. abs.). Substituting 
in Formula [8] under the assumption that these gases are cooled 
to 70 deg. fahr. ty imparting their heat to operate a perfect engine, 
we have 


530 [ozs loge = + 0.00002 (2950 — 530) = 


530 X 0.4604 = 244.0 B.t:u. unavailable energy per lb. of furnace 
gases 

13.40 X 244.0 = 3270 B.t.u. unavailable energy in furnace gases 
per lb. of dry coal 

8912 — 3270 = 5642 B.t.u. per lb. of dry coal available in firebox 
gases for transformation into mechanical work 
by a perfect heat engine. 

These products of combustion escape to the smokebox at a tem- 


J 


428 MECHANICAL | 


perature of 494 deg. fahr. (954 deg. abs.) and have a sensible 
heat above 70 deg. fahr. of 1449 B.t.u. per lb. of dry coal. Sub- 
stituting in Formula [8], 


530 loge 


530 

= 79.29 B.t.u. unavailable per lb. of smokebox gases 

13.40 X 79.29 = 1062 B.t.u. per lb. of dry coal unavailable energy 
in smokebox gases 

1449 — 1062 = 387 B.t.u. per lb. of dry coal available energy in 
smokebox gases, but lost with these gases 
passing out the stack. 

Of the 10,302 B.t.u. per lb. of dry coal resulting from combustion, 
therefore, 

1140 + 5642 = 6782 B.t.u. per lb. of dry coal are available for 
conversion into mechanical work by a_ perfect 
engine. 

But 387 B.t.u. of this available energy are lost with the escape of 
the products of combustion out of the stack. Hence, of the heat 
transferred to the steam, 

6782 — 387 = 6395 B.t.u. per lb. of dry coal were available for 
conversion into mechanical work by a perfect 
engine before the transmission of heat through 
the heating surface. 

To find the availability of the 8853 B.t.u. per Ib. of dry coal 
transmitted through the heating surface after its transmission, we 
obtain from steam tables: 

1.6486 entropy per lb. of superheated steam and 

0.0746 entropy per lb. of water at 70 deg. fahr. 

Substituting in Formula [4], 

530(1.6486 — 0.0746) = 834.2 B.t.u. unavailable per lb. of steam 
7.03 X 834.2 = 5864 B.t.u. per lb. of dry coal unavailable energy 
in the superheated steam 


+ 0.00002(494 — 70 | = 530 X 0.1496 


8853 — 5864 = 2989 B.t.u. per lb. of dry coal are available for 
conversion into mechanical work by a perfect 
engine after transmission through the heating 
surface 

6395 — 2989 = 3406 B.t.u. per lb. of dry coal loss of available 


energy due to heat transfer in the boiler. 
Now, for the exhaust steam, we have from the steam tables 
corresponding to the quality previously determined, 
1.7293 — 0.003 X 1.3809 = 1.7252 entropy per lb. 
Substituting in Formula [4], 
530(1.7252 — 0.0746) = 874.8 B.t.u. unavailable per lb. of steam. 
7.03 X 874.8 = 6150 B.t.u. per lb. of dry coal unavailable energy 
in exhaust steam. 
Since the exhaust steam contains 7870 B.t.u. per lb. of dry coal 
(above water at 70 deg. fahr.) according to previous calculations, 
we have 
7870 — 6150 = 1720 B.t.u. per lb. of dry coal available for con- 
version into mechanical work by a perfect en- 
gine, but. carried out by the exhaust steam. 
Since 2989 B.t.u. per lb. of dry coal were available in the steam 
entering the engine and 983 B.t.u. per lb. of dry coal are equivalent 
to the work actually done, we have 
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2989 — 983 — 1720 = 286 B.t.u. per lb. of dry coal loss of available 
energy due to imperfections in the engine 
cylinders. 

It may be noted that if the engine cylinders had been less imperfect 
in their operation, the available energy lost in the exhaust steam 
would have been somewhat less. The possibility of improvement 
in the engine cylinders is therefore somewhat greater than the 
figure 286 would indicate. 

Summing up the losses of available energy, we obtain 


BALANCE 


B.t.u. Per cent 
Unavailable due to unburnt fuel, ete..... 3,742 26.6 
Unavailable part of radiant energy......... 250 1.8 
Unavailable energy in firebox gases......... 3,270 23.3 
Available energy lost in smokebox gases... . . 387 2.8 
Available energy lost by heat transfer... ... 3,406 24.2 
Heat transformed into work............... 983 7.0 
Available energy lost by imperfections in 
Available energy lost in exhaust............ 1,720 12.3 
Heating value of dry coal............. 14,044 100.0 


Comparing the first-law balance with the second-law balance, 
we find some items appearing in the latter which do not occur in 
the former, while other items are greatly altered in their relative 
proportions. Thus, one of the largest losses appearing in the 
second-law balance is that due to heat transfer in the boiler, amount- 
ing to nearly one-quarter of the heating value of the fuel. This 
is the loss that is now being successfully attacked and reduced by 
the use of higher steam pressures and other fluids than water, such 
as mercury. 

The loss in the exhaust steam appears reduced from over one- 
half of the heating value of the fuel in the first-law balance to less 
than one-eighth in the second-law balance, which is its correct 
relative importance. In an analysis of a condensing plant the 
loss in the exhaust is a still lower portion of the heating value of 
the fuel, thus indicating the gain due to the use of condensers. 

In calculating the second-law losses during combustion, various 
assumptions might be made in order to prorate these losses among 
unburnt fuel, incomplete combustion, excess air, ete. and in certain 
cases it will be desirable to attempt such a division. The order 
in which the calculations are made, however, will affect the pro- 
rating. In many cases the simple expedient adopted in these 
calculations will suffice. 

In presenting the second-law analysis for the first time, a simple 
case has been chosen for illustration, namely, a locomotive. No 
great difficulties, however, will be encountered in applying this 
analysis to more complicated power systems. While somewhat 
more complicated calculations are required for the second-law 
balance than for the usual first-law balance, it is believed that 
the facts revealed thereby will more than justify its extended 
use. 

In closing, the author wishes to acknowledge his indebtedness for 
the general idea of preparing a second-law balance to Dr. R. C. 
Tolman, of the California Institute of Technology. 
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A Microscopic Study of Pulverized Coal 


Results Showing That Screen Tests for Fineness May be Misleading in Making Comparisons of 
Pulverizing Mills 


BY L. V. ANDREWS,! WORCESTER, MASS. 


as the percentages of the sample passing through standard 

100-mesh or 200-mesh screens. It is commonly assumed that 
pulverized coal of which 95 per cent will pass through a 100-mesh 
screen and 85 per cent through a 200-mesh screen, is suitable for all 
practical purposes, although considerable deviation is allowed from 
these percentages in current practice. 

This method of specifying pulverized coal is not necessarily in- 
dicative of the quality of such coal with respect to fineness; i.e., 
one sample of pulverized coal testing 85 per cent through a 200- 
mesh screen may be entirely different from another sample testing 
to the same percentage through a 200-mesh screen, when the fines 
distribution below 200-mesh are considered. 

As an illustration, mix two samples of pulverized coal. For 
sample No. 1 let the mixture have the following proportions by 
weight: 


yer usual expression of the fineness of pulverized coal is given 


All through 60 mesh and on 100 mesh 
All through 100 mesh and on 200 mesh 
All through 200 mesh and on 250 mesh 


5 per cent 
...10 per cent 
85 per cent 


and for sample No. 2 make the following mixture: 
All through 60 mesh and on 100 mesh. . 


All through 100 mesh and on 200 mesh. 
All through 1000 mesh and on 1200 mesh 


5 per cent 
10 per cent 
S85 per cent 

It must be admitted that sample No. 2 would be much better for 
burning, from a combustion standpoint, than sample No. 1, for 
in all cases the finer coal will ignite more readily and burn more 
completely than coarser coal, assuming that the other factors re- 
lating to combustion are equal. 

If the customary screen tests were run on these samples, the same 
results would be shown for both: namely, 95 per cent through a 
100-mesh screen and 85 per cent through a 200-mesh screen. 

It is obvious, then, that merely testing by the two standard 
screens will not indicate the quality of coal with respect to fineness 
unless there is a uniform graduation, or rather a similar gradation 
of the size of particles from the coarsest to finest in the samples 
being tested. 

Types PULVERIZERS 

It is not readily conceivable that the two dozen or more pul- 
verizers on the market in the United States today will give the same 
proportionate graduation in fineness, especially when the numer- 
ous distinct types of machines are considered with reference to grind- 
ing action and the further segregation due to different methods 
by which pulverized material is removed from the machine. 

Considering pulverizing actions only, there are four distinct types 
of pulverizers in common use, a fifth which has been tried out 
quite thoroughly in at least two instances, and possibly others of 
which no information has been secured. These are classified as 
follows: 

Contact Mills. In this class are listed all the mills in which the 
coal is ground in a thin sheet or ribbon between two elements which 
have a rolling action with respect to each other, and which consist 
of a circular bull ring as one element, within which are revolving 
balls or rollers comprising the second element. The two elements 
are forced together by the action of centrifugal force or powerful 
springs, thus crushing any material which is introduced between 
them. 

Tube and Ball Mills. This type employs as grinding members 
either tubes, rods, or balls, or combinations of these, forming one 
element, contained in a horizontal revolving cylinder which com- 


1 Development Dept. of Riley Stoker Corp. 
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prises the second element. Pulverization is accomplished by the 
tumbling action of these tubes, rods, or balls when the cylinder is 
set in motion, and takes place between the members comprising the 
first element as well as between these and the shell of the revolving 
cylinder. 

Impact Mills. In this class are all the new types of unit pul- 
verizers so rapidly gaining in favor which employ as primary 
grinding elements high-speed paddles, pegs, or hammers which 
shatter the coal particles by striking them at high speed or by 
hurling the particles violently against each other or against sta- 
tionary liners, corrugations, or pegs, which may be considered as 
secondary elements. 

Attrition Mills. In this class are machines employing a rubbing 
action between the grinding surfaces. This type is not in general 
use for powdered-coal preparation. 

Roll Mills, No Contact. In this type of mill pulverizing is done 
by passing a ribbon of coal between rolls which crush it between 
them in a manner similar to that used for grinding wheat to make 
flour. This type of mill has not proven generally successful for 
fine coal grinding. 


Microscopic EXAMINATION OF SAMPLES 


Inasmuch as power must be expended for grinding in a pulverizer 
of any character, it is obvious that less power will be consumed if 
the material be removed just as soon as it attains the specified 
fineness instead of remaining in the pulverizer until reaching a 
greater fineness. This leads to considering the necessity for de- 
termining accurately the fineness of product before passing judg- 
ment on the merits of a pulverizer based on power consumption 
per unit of material ground. Inasmuch as there is a reasonable 
possibility that the standard screen tests are not accurate enough, 
it should be determined whether or not there is a uniform gradation 
of fines among the samples from pulverizers of which there is more 
or less accurate information. 

The best way actually to visualize any difference which may be 
present is to examine each sample under the microscope, making a 
note of the proportionate quantity of extreme fines to that of the 
coarsest in the sample being examined. 

Photomicrographs of several samples are shown below and a care- 
ful examination of them will verify the conclusions reached, but 
they do not show up as distinctly as the original slides, due to the 
impossibility of photographing and printing them with the same 
sharpness as revealed to the naked eye. 


PREPARATION OF SAMPLES FOR THE MICROSCOPE 


The following precautions should be taken in the preparation of 
similar studies if results of a reliable character are to be obtained: 

a Extreme care must be taken in the making of the microsecpic 
slides to secure uniform preparation conditions so that the results 
may be comparable. 

b A magnification must be used sufficient to show the 200-mesh 
particles distinctly. 

c Diffused, transmitted light is best to bring out as much con- 
trast as possible and to prevent refraction of the light from the coal 
particles, which gives an erroneous impression of both the size and 
shape. 

d Provision must be made for some means whereby the size of 
the particles may be measured or whereby a comparison of sizes 
may be made in different pictures. 

e Some liquid must be used to hold the particles in suspension 
and prevent the fines from accumulating in masses which resemble 
large particles. 

f A careful selection of a field of view must be made in each 
case so that all the photographs may show a uniform density of 
particles distribution, thereby making the photographs visually 
comparable. 
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Vou. 47, No. 5 


‘ 


No. 1 Through 100 mesh, 98 per cent; No. 2 
through 200 mesh, 83.6 per cent; moisture, 
(approx.) 1.5 per cent. 


No. 4 Threugh 100 mesh, 62.4 per cent; No. 5 


through 200 mesh, 


through 200 mesh, 34.4 per cent; moisture, 
not obtained. 


Through 100 mesh, 95 per cent; 
through 200 mesh, 73 per cent; moisture, 
(approx.) 1.25 per cent. 


Through 100 mesh, 75.2 per cent; 
52.2 per cent; moisture, 
(approx.) 0.43 per cent. 


No. 3. (Previously screened to 100 mesh.) 
Through 100 mesh, 100 per cent; through 
200 mesh, 75.4 per cent; moisture, (approx.) 
6 per cent. 


No. 6 Through 100 mesh, 93 per cent; 
through 200 mesh, 76 per cent; moisture, 
(approx.) 0.92 per cent. 


PHOTOMICROGRAPHS OF SAMPLES GROUND IN Contact Minis (MAGNIFICATION X 50) 


No. 7 Through 100 mesh, 98.6 per cent; No. 8 
through 200 mesh, 91.2 per cent; moisture 
entering pulverizer, 2.23 per cent; moisture 


leaving pulverizer, 0.7 per cent. 


given. 


No. 10 Through 100 mesh, 100 per cent; 


through 200 mesh 47 


per cent; moisture, 
(approx.) 3 per cent. 


not given. 


Through 100 mesh, 98 per cent; No. 9 
through 200 mesh, 85 per cent; moisture, not 


No. 11 Through 100 mesh, 93.56 per cent; 
through 200 mesh, 61.3 per cent; moisture, 


Through 100 mesh, 94 per cent; 
through 200 mesh, 49.4 per cent; moisture, 
(approx.) 5.5 per cent. 


No. 12. (Not supplied as pulverized coal.) 
Through 100 mesh, 30 per cent; through 200 
mesh, 17.4 per cent; moisture, 6 to 8 per cent. 


PHOTOMICROGRAPHS OF SAMPLES GROUND IN Impact Mirus (MAGNIFICATION X 50) 


It was found that Canada balsam separated the particles of coal 
well enough for all practical purposes and assisted greatly in the 
slide preparation because of its adhesive qualities. The method of 
slide preparation was as follows: 

A drop of balsam was placed in the center of the slide and the 
cover glass was lowered upon this, thus spreading the drop of bal- 
sam evenly, after which the cover glass was slipped off the slide 
and laid aside until again needed. A frame 3 in. square covered 
with 200-mesh screen silk was then placed over the slide, being sup- 
ported so that the screen lay approximately 1 in. above the glass. 
A small amount of coal could then be worked over the screen and an 


even film would be deposited in the balsam on the slide. The 
cover glass was then held with the balsam-coated side up and 4 
small drop of balsam was added to the center, after which the 
glass was turned over and deposited on the slide. The spreading 
of this last drop of balsam excluded the air, thus preventing bubbles. 
The cover glass was then slipped around over the slide by a slight 
rotary movement which segregated the particles of coal to the de- 
sired density of field. 

In making the photographs care was taken to select fields of view 
having as nearly as possible the same coarse-particle distribution, 
and three sets of prints were made from the negatives so that 4 


| 
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set of prints could be had having, as nearly as possible, a print shade 
common to all. 

The accompanying photomicrographs are classified according to 
type of grinding action as previously described and are given a pre- 
fix number which denotes the sample number to distinguish it from 
samples produced by other mills of the same type. These photo- 
micrographs were taken at a magnification of 50 diameters with 
transmitted light, and show only 200-mesh and finer material. 
They were prepared by the Norton Company Research Laboratory 
from slides furnished to them by the author. 


STuDY OF THE PHOTOMICROGRAPHS 
Screen tests are given for all samples except that from the roll 


. = 


No. 13. Through 100 mesh, 88.8 per cent; 
through 200 mesh, 66.8 per cent; moisture, 
(approx.) 0.50 per cent. not given. 
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per cent through 200 mesh. This sample shows a great deal more 
fines than does sample No. 2, contact mill, a screen test of which 
would indicate a much better grade of product, as it gives 95 per 
cent through 100 and 73 per cent through 200 mesh. 

By going a step further an attempt may be made to reconcile the 
photographs with the results indicated by the screen tests. As- 
suming that all the coal samples had been screened through 100 
mesh, then the percentage through 200 mesh should indicate the 
effectiveness of grinding with respect to fines below 200 mesh, and 
it would be expected that the lower the percentage through 200 
mesh, the coarser would be field shown in the photographs. 

The following table shows the percentage of 100-mesh material 
of each sample which would go through 200 mesh: 


No. 14. Through 100 mesh, 65 per cent; No. 15 Through 100 mesh, 83.4 per cent; 
through 200 mesh, 40 per cent; moisture, 


through 200 mesh, 62.5 per cent; moisture, 
not given. 


PHOTOMICROGRAPHS OF SAMPLES GROUND IN TUBE AND Bai Mu.us (MAGNIFICATION X 50) 


~ 


No. 16 Impact Mill. Through 100 mesh, No. 17 Attrition Mill. Through 100 
100 per cent; through 200 mesh, 66.6 per cent; mesh, 100 per cent; 


moisture, not given 


WS 


No. 18 Roll Mill, No Contact. Moisture, 
through 200 mesh, not given. 
89.6 per cent; moisture, not given. 


PHOTOMICROGRAPHS OF SAMPLES GROUND IN OrHeR Types oF MiLus (MAGNIFICATION X 50) 
(These samples had been screened to 100 mesh previously ) 


mill, no-contact type. The only sample at hand from this mill had 
been formerly screened to 100 mesh, but was too small to admit of 
accurate screen testing. The samples obtained from a few other 
mills were also too small to admit of accurate screen testing, but the 
manufacturers obligingly furnished the figures as listed with the 
samples. 

An examination of these pictures shows distinctly that there is 
a wide range of difference in fineness below 200 mesh in the samples 
examined. Particular attention is called to sample No. 4, impact 
mill, and to sample No. 1, attrition mill. In sample No. 4, impact 
mill, searcely any extreme fines are observable, while in sample No. 
1, attrition mill, the major portion consists of extremely fine par- 
ticles. However, this effect is shown to a greater or less extent by 
the standard screen tests. Both of the samples show 100 per cent 
through 100 mesh, but the impact mill shows only 47 per cent 
through 200 mesh while the attrition mill shows 89.6 per cent through 
200 mesh. 

An examination of the photographs of sample No. 1, contact mill, 
and sample No. 2, impact mill, shows almost identical fines dis- 
tribution, and these samples are comparable by the screen tests, 
both showing 98 per cent through 100 mesh and practically the 
same through 200 mesh; the contact mill showing 83.6 per cent and 
the impact mill 85 per cent. 

These two comparisons would indicate that a screen test was re- 
liable. However, sample No. 1, tube and ball mill, is practically 
the same in appearance, although its screen test shows only 66.8 


Place Sample No. Per cent through 200 mesh 
1 1—Impact Mill 92.5 
2 1—Attrition Mill 89.6 
3 2—Impact Mill 86.8 
4 1—Contact Mill 85.5 
5 6—Contact Mill 81.7 
6 2—Contact Mill 76.8 
7 3—Contact Mill 75.4 
8 1—Tube and Ball Mill 75.2 
9 2B—Tube and Ball Mill 74.8 

10 5—Contact Mill 69.3 
11 7—Impact Mill 66.6 
12 5—Impact Mill 65.5 
13 2A—Tube and Ball Mill 61.5 
14 6—Impact Mill 58.0 
15 4—Contact Mill 55.2 
16 3—Impact Mill 52.5 
17 4—Impact Mill 47.0 
18 Not considered 


By examination of the photomicrographs it is —_ that this 
classification does not indicate the degree of fineness below 200 
mesh by a wide margin, for sample No. 1, tube and ball mill, in 
eighth place, appears to be much better than sample No. 1, impact 
mill, in the first place, and sample No. 4, contact mill, in the 
fifteenth place, appears to be just as good. 

Nor by examination of these photomicrographs can any one type 
of pulverizer be shown to be better than any other, although the 
performance of individual machines can be compared to some ex- 
tent, provided there is not too much difference in the way in which 
different coals break down during the process of pulverization. 
This point, together with considerations with regard to moisture 
content at the time of pulverizing, was not taken into account in 
the foregoing, and the appearance of the photographs submitted 
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need not, for these reasons, be taken as a final proof of the merits 
of the machines which made the samples. 


SuaGesteD MetuHop or EstiMATING FINES 


It is entirely probable that if the percentages of a sample were 
determined by passing it through a number of screens and a curve 
plotted using this information, the characteristics of this curve 
might give some indication of the fines distribution below 200 mesh, 
which is about as fine as it is practicable to go by sieving. This 
phase of the subject was not studied in connection with the data 
herein presented, but the method is advocated by one manufacturer 
of high-grade screening equipment. 


METHOD OF SAMPLING 


The method of sampling determines to quite an extent the accu- 
racy of the samples collected. This is especially true of the unit 
type of machines. In a test on one unit pulverizer, a variation of 
8 per cent in the 200-mesh material was experienced with a corre- 
sponding variation of over 5 per cent in the 100-mesh material; 


Vou. 47, No. 5 


this variation being found in taking samples across the discharge 
pipe. The finest material was at the surface and the coarsest at 
the center of the discharge passage. This condition has been ob- 
served by other investigators, and the use of a sampling pipe ex- 
tending entirely across the discharge passage has been recommended. 

The material used for precipitating or collecting the dust will also 
play a big part in the number of fines collected. The best material 
for filtering seems to be finely woven cloth, although a filter made of 
fine steel wool is being used with very good results. 

CoNcLUSIONS 

However, this study does show conclusively that the standard 
100-mesh and 200-mesh percentage method of testing pulverized 
coal is at fault, in that it is not complete enough to show the actual 
pulverizing work done and that it may actually be misleading in a 
comparison of two samples. The microscope should be consulted, 
or a more elaborate screen test run, in all cases where it is desired 
to know exactly what quality of pulverized coal is being delivered 
by the machine. 
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Aluminum and Its Light Alloys 


Data on the Mechanical Properties of Alloys for Sand, Permanent-Mold, and Die Castings, Wrought 
Aluminum, High-Strength Alloys and Forgings Therefrom, Etc. 
By ROBERT L. STREETER? anv P. V. FARAGHER,? PITTSBURGH, PA. 


LUMINUM has advanced from the position of a laboratory 
curiosity to that of an important commercial metal in a com- 
paratively short period of time. The properties of the metal 

upon which this development is based are primarily its lightness 
or low specific gravity, high thermal and electrical conductivity, 
pleasing appearance, resistance to atmospheric corrosion and to 
certain types of chemical attack, the non-toxicity of its compounds, 
and the ease with which it can be wrought. The commercially 
pure metal is quite soft in the cast or annealed condition and has 
only moderate strength when wrought cold. 

The desire to improve the mechanical properties of the metal 
and at the same time retain its desirable properties has resulted in 
the development of a large num- 


chemical and electrical properties are preferable to those of the 
common casting alloys. 

It is possible by the addition of relatively small amounts of other 
elements to commercially pure aluminum to produce alloys which 
possess very satisfactory mechanical properties and good foundry 
characteristics, and at the same time retain in a large measure the 
desirable properties of the commercially pure metal. The most 
commonly used alloying elements or “hardeners” are copper, sili- 
con, zinc, and manganese, and to a lesser degree, nickel and mag- 
nesium. These hardeners differ among themselves in the per- 
centages which are required to produce a given increase in the ten- 
sile strength or hardness and also in the effects on the other proper- 
ties which accompany the change 


ber of light aluminum alloys. The 
increase in strength and hardness 
which is obtained in the alloys 
is gained at a sacrifice of some of 
the ductility and workability of 
the metal. In most cases the re- 
sistance to corrosion is lessened, 
although some of the alloys are at 
least the equal of the commercial 
grades of pure metal in this re- 
spect. Most of the alloys con- 
tain 90 per cent or more of alu- 
minum; the specific gravities vary 
from 2.65 to 2.90 as compared with 
2.70 for the commercially pure 
metal. 

It is the purpose of this paper 
to make available to the engineer 
data on the mechanical properties 
of aluminum and its light al- 
loys. The recent literature con- 
tains a large amount of informa- 
tion on the developments in this 
field. The data which have been 
published are, however, to a great 
extent the results obtained in 
laboratory investigations and do 
not represent minimum values 
which may be used by the de- 
signer for commercial materials. 

The data presented in this paper 
are minimum properties obtained from numerous tests of commer- 
cial material and may be used by the engineer with the assurance 
that such materials are available on the market. 

The term “aluminum,” as commonly used, denotes not only the 
commercially pure metal but also the alloys in which aluminum is 
the principal constituent. Aluminum is available in a great 
variety of forms. It can be rolled, forged, extruded, drawn, spun, 
and cast. The list of commercial wrought forms includes plate, 
sheet, foil, tubing, bar, rod, wire, moldings, structural shapes, 
rivets, forgings, automatic-screw-machine products, and castings 
produced in sand, in permanent molds, and by the die-casting 
process, 


Fra. 1 


AtumiInuM CastInG ALLOYS 


Although the mechanical properties and casting characteristics 
of commercially pure aluminum are not such as to recommend it 
for general casting purposes, it is used to some extent where its 
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in strength of the alloy. These 
facts are best seen by reference to 
Table 1, which gives the mechani- 
cal properties and approximate 
compositions of the most com- 
monly used casting alloys of alu- 
minum. 

Of the large number of alloys 
which have been proposed, only 
a few have come into general use. 
The standardization on a rela- 
tively small number of alloys is the 
natural result of several factors. 
The necessity of simplifying the 
problem of the utilization of sec- 
ondary metal, the desire to avoid 
complex alloys with their attend- 
ant difficulties of composition con- 
trol, and the dictates of economy 
in the choice of alloying elements 
exercise the greatest influence in 
limiting the number of alloys. 

The largest tonnage of castings 
produced from aluminum alloys 
is poured in sand molds. The 
most commonly used alloys are 
marketed in ingot form for re- 
melting. They are manufactured 
in large lots under careful chemi- 
cal and pyrometric control, and by 
their use the foundry may avoid 
the difficulties which are encountered in the preparation of alloys 
on a small scale. 

The field for each of the methods of casting is rather sharply 
defined. The sand-casting process is applicable to the most varied 
types of work both as to size and shapes which can be produced. 
The accuracy of dimensions is not so great as in the permanent- 
mold or the die-casting processes, and in general more allowance must 
be made for machining and finishing operations. The surface 
finish is inferior to that obtained in metal molds. 

Permanent-mold castings are used where a superior product is 
required but where a forging cannot be used, either because of the 
form of the part or because of cost considerations. The strength 
of a casting produced from a given alloy in a permanent mold is 
about twenty per cent greater than that obtained from a sand cast- 
ing, and the hardness and ductility are correspondingly greater. 
The dimensions may be controlled more accurately than in a sand 
casting, and either a machined or polished surface will show greater 
freedom from defects. By the use of permanent-mold castings 
it is often possible to effect appreciable saving in weight due to the 
ability to design to closer limits. Because of the cost of producing 
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The die-casting process is adapted to the production of castings 
in which extreme accuracy, uniformity, and superior finish are es- 
sential. In this process very thin walls may be cast, with the con- 
sequent saving of weight in the finished part. Holes may be cast 
to very close tolerances and the dimensions can be controlled so 
closely as to reduce machining operations to a minimum. Because 
of the excellent surface, polishing and finishing operations are greatly 
simplified. In this case also the die cost is such that the die-casting 


Fic. 3 Foremncs AND PEerRMANENT-MoLp CasTINGS 


process is suitable only for castings which are produced in large 
quantities. 

In comparing the accuracy with which these products can be pro- 
duced the following comparison is of interest. For die castings 
tolerances are discussed in thousandths of an inch, for permanent- 
mold castings, in thirty-seconds and sixty-fourths, while for sand 
castings tolerances are considered in eighths and sixteenths. 


TABLE 1 ALUMINUM CASTING ALLOYS 
(Properties obtained from unmachined sand-cast test specimens) 


Approximate 
Ultimate Elongation yield point, 
Alloy Approx, tensile strength, per cent Ib. per 
No. composition lb. per sq. in. in 2 in. sq. in. 
100 99% aluminum.. 12,000-14,000 15-25 4,000 
(S.A.E-No. 30) } 8% copper...... 18,000-23,000 1-3 10,000 
112 sine 19,000-24,000 1-2.5 11,000 
(S.A.E. No. 33) 1 2 iron 
109 12% copper..... 19,000—26,000 0-1.5 15,000 
(S.A. No. 35)} 5% silicon... 17,000-21,000 7,000 
45 10% silicon... .. 19,000—23,000 1-3 9,000 
13% silicon... . . 25,000—30,000 5-10 11,000 
(Modified) 

106 2% manganese .. 16,000—20,000 3.5-6.5 6,000 
195! 4% copper...... 28,000—35,000 5.611 18,000 

(Heat treated) 
196! 5% copper...... 36,000—45,000 0-2.5 27,000 

(Heat treated) 

10% zinc 
145! 2.5% copper 25,500—34,000 3-6 12,000 
1.2% iron 
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Table 1 lists the alloys which are most commonly used for the 
production of sand castings in the foundries of the Aluminum Com- 
pany of America, together with the approximate chemical compo- 
sitions and the mechanical properties which are obtained. The 
test specimens are poured in sand molds without chills or other 
means of artificial cooling and are tested without machining. 

The values representing the lower limits of the ranges for tensile 
strength and elongation are regularly guaranteed; the average val- 
ues are, in general, midway between the upper and the lower limits. 
The results which are obtained from test specimens machined from 
castings vary considerably with the nature of the casting and with 
the size and shape of the section from which the sample is taken. 
Sand castings which show 80 per cent of the tensile strength of the 
unmachined cast test specimen are considered indicative of very 
good foundry practice. 

While it is true that more accurate measurements can be obtained 
from test specimens which are cast oversize and machined accurately 
to dimensions, the difference between the results which are obtained 


Fig. 4 Dire Castines 


with such specimens and those obtained from unmachined 
bars are no greater than the normal variations between in- 


Brinell dividual casts of a given alloy. In view of this fact and 


hardness of the fact that the test specimen does not represent the 


25 strength of the casting but is a means of controlling the 
65 quality of the alloy, the added expense and the delay in- 
curred by the use of the machined test specimen are not 


4 warranted in routine inspection. 
ye There is a considerable lack of agreement among engi- 
hee neers as to the proper definition of the yield point of non- 
60 ferrous metals and also as to the best means of measur- 
40 ing it. The values given in Table 1 for the yield point 
70 consider this property to be the stress under which the 
115 elongation in the gage length of the test specimen is equa! 
to one-half of one per cent of its initial length. This property 
65 is not regularly measured in routine inspection and the 


values given in the table are to be considered as approxi- 


1 The modification process by means of which the properties specified for No. 47 allo cont - 
are realized, the production of castings 195 and 196 in the heat-treated state, and alloy No. 145 mate, and not as guaranteed minimum values. The mea 


are covered by patents or patent applications owned by the Aluminum Company of America. surement of Brinell hardness is subject to considerable vari- 
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ation, and the values for this property are also approximate 
average values. 

Each of these alloys has its advantages and its disadvantages, 
and there is a field in which each excels. The commercially pure 
metal has the lowest strength and yield point and in addition is 
difficult to handle in the foundry, but its use is imperative in 
certain chemical and electrical equipment because of its charac- 
teristic properties. Alloys Nos. 12 and 112 are the most widely 
used of all the alloys and their tonnage is far in excess of all the 
others for general casting purposes. They are easily handled 
in the foundry and their extensive use in the automotive industry 
is proof of their satisfactory properties. No. 112 machines some- 
what better than No. 12 and is stronger, but has slightly less 
ductility. For parts which must be leakproof under pressure, 
alloy No. 109 may be used, although this advantage is gained at 
a sacrifice of the toughness and resistance to shock which are 
shown by the alloys containing the lower percentage of copper. 

The aluminum-silicon alloys are quite fluid at temperatures 
almost down to the freezing point, and they have a low solidifica- 
tion shrinkage. This combination of properties makes it possible 
to cast intricate shapes having both heavy and thin sections witb- 
out the excessive use of chills and risers. The castings are dense 
and leakproof. Silicon has a lower specific gravity than aluminum 
and its alloys with aluminum are therefore somewhat lighter than 
commercial aluminum itself. This factor is significant in aircraft- 
engine construction where even small differences in weight are 
important. These alloys are perhaps the most resistant of all 
the casting alloys to salt-water corrosion, which fact makes them 
especially suited to marine construction. In remelting, somewhat 
greater care must be used since they show a greater tendency to 


Fie. 5 Die-Cast Appinc-MAcHINE FRAME, WEIGHT 3.38 Ls. 


absorb iron, which element has a harmful effect on the mechanical 
properties. It will also be noted that the yield points are lower 
in proportion to the ultimate tensile strength than in the other 
alloys, but their elongations are higher. These alloys are more 
difficult to machine than the other casting alloys. 

The properties which are given for No. 47 alloy are obtained 
only by special modification treatments of the molten alloy accord- 
ing to processes which are covered by patents. Castings made 
from the unmodified alloy show coarse crystalline fractures and 
inferior mechanical properties, while castings from the modified 
alloy show extremely fine silky fractures. 

Alloy No. 106 is used almost exclusively for small parts such as 
pipe fittings where the shrinkage can be easily taken care of. Such 
fittings are used extensively with wrought aluminum-manganese 
alloy (38) pipe and tubing in order to reduce the tendency toward 
electrolytic corrosion. The alloy is quite resistant to salt-water 
corrosion. 

The properties of Nos. 195 and 196 alloys are developed only 
after proper heat treatment according to processes covered by 
patents and patent applications. These alloys show remarkably 
high strengths and yield points, and the elongation is also very 
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high in No. 195 alloy. These alloys age spontaneously on stand- 
ing; in this process the strength and particularly the yield point 
increase and the elongation decreases somewhat. These alloys 
will naturally be chosen where the mechanical property require- 
ments are sufficient to warrant the added expense of heat treat- 
ment. 

Castings from No. 145 alloy have good strength and ductility, 
and are quite resistant to shock. While its properties are not 
equal to those of the heat-treated alloys, the fact that it does not 
require heat treatment will frequently cause it to be chosen for 
those purposes where the properties are adequate. This alloy is 
also subject to spontaneous aging and shows an increase in strength 
with some loss of ductility on standing. In common with other 
aluminum alloys containing relatively high percentages of zinc, 


Fie. 7 AtuminuM-ALLOY AIRPLANE PROPELLER DAMAGED BY IMPACT ON 
WatTER (ABOVE) AND AFTER REPAIRS WERE Maps (BELOW) 


it is not adapted for use at high temperatures since it loses its 
strength rather rapidly at elevated temperatures. 


PERMANENT-MOLp CaAsTINGS 


Some of the alloys which were considered with the sand castings 
are also used in the permanent-mold process, and in addition there 
are certain alloys which are intended primarily for use in this 
process. The art of producing permanent-mold castings is still 
new and is developing rapidly. Whereas most of the production 
in the past has been confined to castings in which the average 
weight would not exceed 3 lb., at the present time several castings 
are being run on a commercial scale in which the weight varies 
from 5 lb. to 13 lb. Such heavier castings must of necessity not 
present too great complexity in design. 

In addition to the superior mechanical properties possessed by 
permanent-mold castings, the alloys have greater resistance to 
corrosion, and greater susceptibility to heat treatment where 
these processes are applicable, due to the fine grain and greater 
density of the metal. 

Table 2 lists the more commonly used alloys and the mechanical 
properties which are obtained when they are cast in permanent 
molds in the form of the standard half-inch test specimens. In 
giving values for Brinell hardness it is necessary to point out that 
this measurement is subject to considerable variation, and the 
range is of necessity rather wide. The values for tensile strengths 
represent the ranges which are usually obtained in commercial 
production; the average value is somewhat higher than the mean 
of the minimum and maximum strengths which are given. In 
some cases small test specimens have been machined from castings 
to determine the variations in strength which may occur in different 
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sections. This specimen has a parallel section of 0.210 in. in 
diameter and 0.800 in. in length. The results indicate that in 
actual castings the strength may fall below the minimum values 
which are given in Table 2. 


Dig CastTINGs 


The die-casting process was originally developed for use with. 
tin- and lead-base alloys; later zine-base alloys were added, and 
finally the art developed to the point where aluminum alloys 
could be used. All of these alloys are used today, the alloy chosen 
for a given casting depending upon the requirements which must be 
met. Where the properties of lightness, corrosion resistance, 
pleasing appearance, and higher mechanical properties are de- 
sired, one of the aluminum alloys will be chosen. 

The Aluminum Die Casting Corporation, located at Garwood, 
New Jersey, uses three different alu- 
minum alloys under the trade name 
of “Alumac.” The approximate com- 
position and the mechanical properties 
of these alloys are given in Table 3. 
The properties are those which are 
obtained from die-cast test specimens 
having dimensions which simulate 
those of actual die castings. Because 
of the nature of the die-casting process, 
materially different results would be 
obtained from a die-cast bar of the 
form and dimensions of the standard 
test bar which is used for sand cast- 
ings. The mechanical properties and 
the quality of the castings obtained 
with the aluminum-silicon and the 
aluminum-silicon-copper alloys are su- 
perior to those obtained with the alu- 
minum-copper alloys. 

The choice of the alloy to be used 
depends upon both the nature of the 
casting and the properties that are 
required. Because of the individual 
casting characteristics, the three al- 
loys given in Table 3 cannot be used 
indiscriminately for the production of 
all types of die castings. 

While light-weight castings are the 
rule, it is not uncommon to produce 
complicated die castings weighing as 
much as 10 lb. Some interesting ex- 
amples of this class of work are shown 
in Figs. 4 and 5. 


Wrovucur ALUMINUM 


The wrought forms of aluminum 
are produced from commercially pure 


TABLE 2 PHYSICAL PROPERTIES OF PERMANENT-MOLD-CAST 
ALLOYS 


(Standard 0.505-in. test specimen, cast in permanent mold.) 


Approximate Tensile strength, Elongation, Brinell 
Alloy composition, lb. per sq. in. percentin 2in. hardness 
No. per cent Min. Max. Min. Max. number 
43 Silicon 5.0 18,500 24,500 3.0 8.0 40-45 
108 { Sopper é. 3} 21,000 29,500 1.0 4.5 65-80 
45 Silicon 10.0 24,500 29,500 4.5 10.0 45-56 
112 Same as sand-cast 112 21,000 29,000 1.5 3.0 70-90 
(as cast) 
Copper 10.0 
122 Iron 1.2 22,000 30,000 0 1.5 85-105 
Magnesium 0.25 
Silicon 5.0 
125 | iron 1.0 17,500 22,500 4.3 8.0 40-45 
Tin 2.0 
151 { Fopper 5-5} 20,500 26,500 3.5 7.5 60-70 
Tin 1.0 
152 Copper 10.0 20,500 29,500 1.0 3.0 85-110 
195 Copper 5.5 22,000 28,000 3.0 6.0 60-70 
HEAT-TREATED ALLOYS 
Heat-treat number 
4 35,000 39,000 5.0 9.0 70-90 
10 48,000 54,500 1.0 1.5 110-140 
2 24,000 30,000 0.5 1.5 90-120 
7 40,000 48,000 0.5 1.0 125-160 
12 24,500 32,500 0.5 1.0 125-160 
14 24,000 30,500 0.5 2.0 95-125 
15 26,000 2,500 0.5 1.5 115-125 


Fic. 8 AssorTED Screw-MAcCHINE PropuctTs 


Vo. 47, No. 5 


aluminum, from an alloy containing approximately one and one- 

fourth per cent of manganese, and from the recently developed 

alloys which are susceptible of heat treatment. Some little 
TABLE 3 MECHANICAL PROPERTIES OF DIE-CAST ALLOYS 


(Obtained from round, die-cast test specimen, 0.252 in. in diameter.) 


Approximate Elongation, Brinell 
Alloy composition, Tensile strength, percent hardness 
No. per cent Ib. per sq. in. in 2 in. number 
9 
83 { 3 } 25,000—28,000 3-6 55-65 
85 4} 28,000—30,000 2.5-4 60-70 
13 Silicon 13 28 ,000—30,000 1-3 70-80 


material is produced from other alloys for special purposes, but 
the amount is limited and is not to be considered as commercial 
production, 

28 AND 38 

The commercially pure aluminum 
which is supplied to the trade in the 
various wrought forms is usually re- 
quired to show a minimum aluminum 
content of 99 per cent. This metal is 
designated as “2S” by the Aluminum 
Company of America, and this desig- 
nation is used extensively in the 
trade. The manganese alloy, desig- 
nated as “38,” is appreciably stronger 
than 2S and yet is quite workable in 
the softer tempers. 

In the fully annealed state these 
metals are quite soft and ductile. 
When worked cold they are strain- 
hardened, the tensile strength, yield 
point, and hardness increasing in 
proportion to the amount of reduction 
up to a certain limit, beyond which 
the rate of hardening increases progres- 
sively. The ductility of the metal as 
measured by the percentage elongation 
decreases very rapidly with the first 
amounts of reduction by cold work 
and at a gradually diminishing rate for 
successive reductions. 

The tempers of 2S and 3S products 
are based on the properties produced 
by the strain hardening of the metal 
by cold work after annealing. In the 
case of sheet, the tempers may le 
indicated by the amount of this <e- 
crease in thickness measured in gage 
numbers (the American Wire Gage or 
Brown & Sharpe Gage is commonly 
used), since the width remains practi- 
cally unchanged as the sheet passes 
through the rolls. For tubing, bar, ete. the actual reduction 
in cross-sectional area must be calculated to correspond to the re- 
duction which is produced in sheet. 

Sheet, tubing, and bar are regularly produced from both 25 
and 3S in the annealed temper, in the hard temper, and in three 
intermediate tempers, designated one-quarter hard, half hard, 
and three-quarters hard. Sheet in the hard temper is produced 
by reducing the thickness Ly cold rolling twelve or more gage 
numbers after annealing; the same temper is obtained in bar and 
tubing by a corresponding reduction in cross-sectional area by cold 
work. While a reduction corresponding to twelve gage numbers in 
sheet is the minimum for the hard temper, many products have 
appreciably greater reductions than this as produced according to 
present commercial practice. This is particularly true of thin 
sheet, which may be rolled from the annealed slab to the finish gaze 
without intermediate annealing. 

The minimum tensile strengths of the intermediate tempers are 
calculated, however, on the basis of the range between the mini- 
mum values for the annealed temper and for the hard temper, 
regardless of the fact that in certain classes of commercial material 
the actual difference may be greater. For example, the half-hard 
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temper has a minimum tensile strength approximately half-way 
between that of the minimum values for the annealed and for the 
hard tempers. Similar relations hold for the quarter-hard and 
three-quarters-hard tempers. 

It will be seen from the tables of properties that there is some 
overlapping of the ranges for the various tempers in both 2S and 
38. This is due to several causes. The slight differences in the 
composition of different lots of metal, variations in annealing con- 
ditions, and the tolerances which are required in fabricating to any 
given dimensions are all factors in commercial operating practice 
which influence the final properties of the material. 

The elongation is a property which is influenced very largely by 
the size and shape of the test specimen. This influence is so great 
that in the case of thin sheet the elongation is of little value in in- 
dicating the differences in the workability of the different tempers. 
The effect of the size of the specimen can be eliminated in the case 
of bar or other sections from which a round specimen can be ma- 
chined, by measuring the elongation over a gage length proportional 
to the diameter of the specimen. 

In Tables 4 and 5 are given the approximate ranges for the ten- 
sile strengths of the different tempers of 2S and for 38, together with 
the minimum or specification values for the elongation of sheet. 
The elongation of bar and tubing is in most cases appreciably higher 
than that of sheet because of the effect of the shape of the test piece 
on the test results. The actual data for these products are not in- 
cluded in the tables but can be obtained from the manufacturer, for 
the specific sizes and tempers for which the data may be desired. 


TABLE 4 PROPERTIES OF 2S ALUMINUM (99 PER CENT MINIMUM 
ALUMINUM) 


Tensile Elongation for sheet (minimum), per cent in 2 in 
strength, & S Gage—— ——. 
Temper Ib. per sq.in. 2-4 56 7-9 10-16 17-20 21-24 25-28 
Soft 12000-15000 30 30 25 20 15 
, Hard 14000-18000 10 10 9 7 6 
‘> Hard 16000-20000 7 7 5 4 3 
, Hard 19000-23000 4 3 2 1 
Hard 22000-35000 4 3 2 1 


TABLE 5 PROPERTIES OF 3S ALUMINUM (1.25 PER CENT MANGANESE- 
ALLOY SHEET) 


Tensile Elongation for sheet (minimum), per cent in 2 in. 
strength, - B & S 
Temper Ib. per sq. in. 2-4 56 7-9 10-16 17-20 21-24 25-28 
Soft 16,000-20,000 25 25 25 20 20 15 10 
Hard 19,000—23 8 7 6 5 
'/> Hard 21,000—26 000 6 6 4 3 2 
Hard 25,000-28 000 4 3 2 1 
Hard 27 ,000-45,000 4 3 2 1 


SrronG ALLoys 


The development of the high-strength aluminum alloys has made 
aluminum with its properties of lightness, corrosion resistance, and 
pleasing appearance available as a structural material. Alloys of 
this type are in commercial production and are available in a large 
variety of forms: sheet, tubing, bar, rod, wire, forgings, rivets, 
automatic-screw-machine products, angles and channels both 
rolled and extruded, and other extruded structural shapes. These 
alloys are produced in several tempers, the properties varying over 
a fairly wide range. In the case of these materials the temper de- 
pends upon the condition as regards heat treatment. 

The Aluminum Company of America produces three alloys of 
this class: 178, an alloy of the duralumin type, containing copper, 
magnesium, and manganese; 258, containing copper, manganese, 
and added silicon; and 518, containing magnesium and added 
silicon. Each of these alloys has its specific heat-treatment process 
and its characteristic properties. It should be noted that while 
these alloys in the cast condition show some improvement on heat 
treatment, the cast structure must be thoroughly obliterated by 
working if they are to develop maximum properties in the heat- 
treatment operation. 

These alloys all possess the property of strain hardening when 
they are worked cold. This strain hardening is removed and the 
alloy rendered workable by annealing at a suitable temperature. 
This temperature must be carefully controlled since too low a tem- 
perature will fail to soften the metal and too high a temperature 
will produce effects analogous to those which result from heat treat- 
ment though lesser in degree. 

The heat treatment consists in heating the alloys to a suitabl 
temperature and quenching; the actual temperature varies some- 
What for the different alloys. Immediately after quenching the 
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alloys are much stronger than in the annealed state, but are dis- 
tinctly more workable than when in the fully aged condition. 

From this point the characteristics of the metals diverge appre- 
ciably. The alloy 17S on standing at room temperature undergoes 
a spontaneous aging, during which process the strength and hard- 
ness increase very markedly and the elongation also shows a slight 
increase. This change proceeds quite rapidly at first then more 
slowly, and is practically completed in about four days. If it is 
desired to take advantage of the greater ease of working of the un- 
aged material, the forming must be completed within one or two 
hours of the time of quenching. 

The alloy 51S also undergoes spontaneous aging at ordinary 
temperatures, but the change is much less pronounced than in the 
case of 178. If this alloy is to develop its maximum properties, it 
must be aged at elevated temperatures. Under these conditions 
there is a very marked increase in the tensile strength, yield point, 
and hardness, and an appreciable decrease in the elongation. 

The alloy 25S, even on standing for a long time at ordinary tem- 
peratures, shows only an insignificant change in properties. If, 
however, it be heated to a suitable aging temperature, changes in 
properties occur which are comparable with those which take place 
spontaneously in 178. 

The effects of the heat-treatment operations may be removed 
by subsequently heating to the annealing temperature and cooling. 


Fic. 9 ReEmMovaBLE TRUCK Bopby AND SHIPPING CONTAINER 


There appears to be some difference in the properties of this an- 
nealed material and that which has not been previously heat- 
treated in the case of 25S. ; 

The various tempers of these alloys are designated in accordance 
with the following system: The symbol which designates the tem- 
per is added to the symbol for the alloy, the letter O indicates the 
annealed or soft temper, the letter T the quenched and aged or 
fully heat-treated temper, and the letter W (used only with 25'5 
and 518) material which has been quenched but not artificially 
aged; e.g., 2550, 17ST, 51SW, ete. 

The mechanical properties of 178 and 25S are very similar in 
corresponding tempers, although there are characteristic differ- 
ences in their behavior in various forming operations and under 
different conditions of service. It is interesting to note that the 
properties in the heat-treated temper are comparable with those of 
mild steel. The public is familiar with the use of these metals in 
aircraft construction; the framework of the Shenandoah is made of 
17S supplied by the Aluminum Company of America, and that of 
the Los Angeles, from duralumin of German manufacture. These 
metals are also being used in automobile and particularly in autobus 
construction, as well as in certain parts of railway cars, street cars, 
and ships. A recent development is in the construction of unit 
containers for less-than-car-load-lot freight shipments. The 
advantages of a metal having the strength of mild steel with a weight 
approximately two-fifths as great do not need to be enumerated. 

The alloy 51S in the heat-treated temper has a tensile strength 
about 10,000 lb. per sq. in. less than that of 17S or of 25S, but 
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the yield point and hardness are practically identical with those 
of the stronger alloys. This alloy can be worked with great ease 
in the softer tempers and the finished articles can be heat-treated 
to develop maximum properties. Although the elongation of 
518 is lower than that of 25S or 17S in the heat-treated temper, 
in those cases where the material is not subjected to severe form- 
ing operations, the high yield point and hardness make this ma- 
terial attractive. 

As was stated previously, the properties which are developed 
in these alloys in the heat-treatment operations depend upon the 
amount of work which is done upon the cast ingot in reducing it 
to the desired size. The properties which are given in Tables 
6 to 8 will be met by material which in commercial production 
has received sufficient work to permit the development of maximum 
properties. According to present commercial practice this will 
include sheet up to '/s in. in thickness, bar and rod up to */, in. in 
diameter, tubing in all commercial sizes, all moldings, and smaller 
shapes. In heavier material the tensile strength and yield point 
may fall below the values given by as much as 5000 Ib. per sq. in. 
The elongation for this heavier material may also fall below the 
values given by as much as 4 per cent. 


Fic. 10 Atuminum Straicnt-Back CHAIR 


As was stated when discussing the properties of 2S and 3S prod- 
ucts, the measurement of elongation is very much dependent 
upon the shape of the test specimen. The minimum values for 
this property are those which are obtained from sheet of interme- 
diate thickness and for bar and rod up to 1'/: in. in diameter or 
distance across flats. 

In the case of the annealed tempers the material is guaranteed 
not to exceed the maximum values for tensile strength which are 
given; the minimum value is not guaranteed. 


Vou. 47, No. 5 


Shapes which have been produced from these alloys by extrusion 
and have not been heat-treated subsequently, possess properties 
intermediate between those of the annealed and the “‘as quenched’’ 
tempers. The metal is extruded at an elevated temperature and 
the issuing material is cooled in air. This is equivalent to a mild 
heat treatment, although the temperature of extrusion is not the 
optimum for heat treatment nor is it subject to close control. 
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Fic. 11 IntTertor oF Rattway PasseNGER Coach SHOWING Doors 
INTERIOR CONSTRUCTION OF ALUMINUM 


There is considerable variation in this material as extruded, but 
for certain purposes the properties are adequate. 

The alloys Nos. 25S and 51S are covered by patents owned by 
the Aluminum Company of America. 


TABLE 6 MECHANICAL PROPERTIES OF 17S ALUMINUM ALLOY 
17SO 17ST 
Tensile strength, Ib. per sq. in...................- 25,000-35,000 55,000—63,000 


12-23 18-25 
Brinell hardness (500 kg., 10-mm. ball) ........... 42-50 90-110 


TABLE 7 MECHANICAL PROPERTIES OF 25S ALUMINUM ALLOY 
25SO 25SW 25ST 
Tensile strength, Ib. per sq.in.... 25,000-35,000 45,000—-53,090 55,000—63,000 
Yield point Ib. per sq. in......... 7,000-10,000 18,000—-25,000 30,000—40,000) 
Elongation, per cent in 2 in...... 12-23 15-20 18-25 
Brinell hardness (500 kg., 10-mm. 


TABLE 8 PROPERTIES OF 51S ALUMINUM ALLOY 


51SO 51SW 51ST 
Tensile strength, Ib. persq.in... 14,000—-18,000 30,000—40,000 45,000—50,000 
Vield point, lb. per sq. in....... 4,000—6 ,000 15,000—20,000 30,000—40,000 
Elongation, per cent in 2in.... 15-30 20-30 10-18 
Brine hardness (500 kg., 
25-32 55-7 85-100 
ForGiInGs 


The Aluminum Company of America produces strong-alloy 
forgings in three different grades, these are in accordance wit!) 
the values shown in Table 9, which represent guaranteed mini- 
mum properties. 


TABLE 9 PROPERTIES OF STRONG-ALLOY FORGINGS 


1 
Tensile strength, Ib. per. sq. in................... 55,000 50,000 40,000 
Brinell hardness (£00 kg. load, 10-mm. ball) ........ 100 90 90 
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The grade which is supplied depends upon the duty which is 
to be performed by the forging. Material having properties listed 
under grade 1 in Table 9 is usually supplied for connecting rods 
for automobiles, sewing-machine arms, gear blanks, and pro- 
pellers for aircraft. The high strength combined with lightness 
make strong aluminum-alloy forgings ideal for high-speed recipro- 
cating parts: vibration and inertia stresses are reduced, with the 
consequent increase in the life of the machine. The advantages 
of direct babbitting are also gained by the use of these forgings. 
Gears made from these alloys can be machined more accurately 
and more rapidly than is possible with cast iron or steel, and their 
operation at high speeds is much quieter. The propellers for air- 
craft forged from these alloys are of about the same weight as 
wood propellers and have the advantage of longer life. Experi- 
ence has shown that the metal propellers are not injured by hail 
or rain, and that in many cases it has been possible to repair damage 
which was caused by a faulty landing. 

For miscellaneous hardware the properties given for grades 2 
or 3 in Table 9 are more commonly specified. For this use strong 
aluminum alloys possess the advantage of ease of finishing and 
polishing. The finish is permanent, since there is no plated coat- 
ing to rub off in use. In addition to permanence of finish there 
is the further advantage of lower cost in comparison with nickel- 
plated brass. 


AUTOMATIC-SCREW-M AcHINE Propwcts 


The Aluminum Screw Machine Products Company manufac- 
tures a complete line of automatic-screw-machine products from 
strong aluminum alloy which it distributes through the Aluminum 
Company of America. These products have the physical proper- 
ties which are given in Table 6 for 17ST. They possess the ad- 
vantages of ease of finishing and permanence of finish which was 
mentioned under forgings. The cost as compared with nickel- 
plated brass is very much in favor of the aluminum-alloy products. 
In many cases aluminum-alloy products are chosen in preference 
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to brass on the basis of cost alone, even where the brass is not to 
be nickel-plated. 
GENERAL 


Several reproductions of photographs are included in this paper 
to show some of the applications which are being made of this 
very interesting metal. No attempt will be made to list the uses 
which are being made of aluminum and its alloys. It is interesting 
to note the fact that many parts can be produced from aluminum 
and its alloys more cheaply than they can from other metals the 
price of which per pound is considerably lower. The greater 
speed of machining and finishing aluminum combined with the 
fact that the weight of the part from aluminum is approximately 
one-third that of the same part from brass or iron, are the factors 
which make this result possible. In other cases the decrease 
in weight of the entire assembly with the consequent longer life 
and the saving of power during its operation, are the principal 
considerations in favor of the use of aluminum. 

Aluminum alloys offer very attractive possibilities for decorative 
castings and objects of art. Statues have been cast from aluminum 
with very pleasing results. One of the best-known manufacturers 
of lighting fixtures is producing some very beautiful effects in cast 
aluminum alloys colored by means of certain processes which are 
applicable to this metal, and in satin finishes produced either by 
sand blasting or by dipping. Office furniture has been made 
from aluminum alloys; some examples are shown in the accom- 
panying illustrations. The cap of the Washington Monument 
and the finial of the Standard Oil Building in New York City are 
aluminum-alloy castings. 

In contemplating the future of aluminum in the engineering field, 
one is impressed with the necessity of further and continued re- 
search among the strong alloys. Wherever a reduction in weight 
will result in a saving of power, aluminum or other light aX%oys will 
have to be considered in design; and just as sure as the physical 
properties and cost of manufacture of those alloys become more satis- 
factory, so will they receive more favorable consideration by engineers. 
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Test of a Uniflow Engine 


Results Obtained with Loads Ranging from One-Quarter to Full Load (400 kw.), with Two Different 
Steam Pressures, Two Different Back Pressures, Two Different Percentages of Clearance, 
And with Saturated and Superheated Steam 


By GEO. H. BARRUS,'! BOSTON, MASS. 


the author has recently conducted on a four-cylinder vertical 

uniflow engine, non-condensing, driving a 400-kw. a.c. 
Burke generator, direct connected, as shown in Fig. 1, with loads 
ranging from one-quarter to full load, with two different steam 
pressures, two different back pressures, two different percentages 
of clearance, and with saturated and superheated steam. 

The tests were conducted for the Great Western Laundry Com- 
pany, of Chicago, making use of the testing plant of the Ames 
Iron Works, Oswego, N. Y., in which the engine was designed and 
built. 

The cylinders and heads are steam-jacketed. The cylinder 
jackets extend around a belt at both top and bottom of the cyl- 
inders with openings leading to the jacket spaces in each head. 
The steam on its way to the steam chest passes through the jackets, 
and the condensate, if any, is free to drop into the bottom heads, 
whence it is discharged through a mechanical trap. Except at 
very small loads the sweep of the steam keeps the condensate in 
motion, and the trap rarely discharges either water or steam. 

The admission valves are double-beat poppets, lifted vertically 
by a horizontal camshaft. This shaft is moved laterally by a 
horizontal centrifugal spring-resisted governor, which varies the 
cut-off according to the lateral position of the cams. 

The cylinders are arranged in two pairs, with cranks 90 deg. 
apart. The two corresponding cranks of either pair are 180 deg. 
apart. Two cylinderfuls of steam are thus withdrawn from the 
source of supply at each quarter of a revolution. The total volume 
of these piston displacements is 0.71 cu. ft., that of the entire jacket 
spaces and steam chests is 8.2 cu. ft., and that of the throttle valve 
and piping from the cylinder flange to the stop valve on the steam 
drum, 2.0 cu. ft. ‘These volumes are purposely mentioned to 
permit the comparison of the amount of steam withdrawn from 
the storage spaces at each double steam admission with the total 
space. The amount withdrawn each time is thus only about one- 
twelfth of the jacket volume. In this connection it was noticeable 
that the fluctuations of steam pressure at the throttle valve were 
extremely small; indeed, the cock on the steam gage at the throttle 
was kept wide open, and the gage pointer vibrated not more than 
its own width. The steam-pipe diagrams taken at the throttle 
valve revealed the same substantial absence of fluctuations, being 
practically straight lines. These results are obviously brought 
about by the influence of the multiple cylinders and the storage 
spaces of the jackets. The practical absence of pressure variation 
in the steam main contributes not only to steam economy but to 
structural advantages as well, for it makes the pipe itself secure 
with a minimum amount of anchorage; further, it enables the size 
of the pipe to be reduced to the smallest permissible diameter— 
in this case 5-in. extra heavy. The velocity of the steam in the 
pipe at the greatest load (15,214 lb. per hr., average) is estimated 
at 108 ft. per sec. (6480 ft. per min.). 

The moving parts of the engine are shut in by a casing, and no 
adjustment from the outside can be made, while in operation, 
except to vary the speed by tightening or loosening the governor 
spring. This construction admits of the efficient use of a pressure 
oiling system for the lubrication of the entire engine, no oil cups 
or grease cups being required. 

The engine as equipped for testing purposes is shown in Fig. 1. 
Its dimensions are given in Table 1. The apparatus for measuring 
the steam consumption consists of a surface condenser of ample 
capacity, placed below the level of the engine and discharging by 


Tite paper consists of a brief account of a series of tests which 
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gravity into a pair of steel-plate weighing tanks, which are alter- 
nately filled and emptied. 

In conducting the tests the methods recommended by the A.S. 
M.E. were substantially followed. The tests were carried out in 
a continuous series for each set of conditions, starting with the 
light load, then changing to the next load, and so on, or vice versa. 
Each test was of sufficient duration to collect a half-dozen or more 
tankfuls at a substantially constant rate, the intervals between 
different loads being long enough to fully establish the changed 
conditions. Under each load the current from the generator was 


Fie. 1 Unirtow EnGIne For 400-Kw. a.c. GENERATOR EQUIPPED FOR 
TESTING PurPosEs 


absorbed by a water rheostat, and the load was maintained con- 
stantly at the desired point by hand regulation at the switchboard 
or rheostat terminals. The loads selected (exclusive of direct- 
current exciter, using from 3 to 5 kw.) were 100, 200, 300, and 400 
kw. 


TABLE 1 DIMENSIONS OF UNIFLOW ENGINE TESTED 


2 Diameter of each cylinder 14 in 

3 Diameter of each piston rod............. 29/sin. 

5 Normal speed........... 300 r.p.m 
} Piston speed in feet per minute at 300 r.p.m...... . SOO ft. 


Clearance volume in per cent of piston displacement as cal- 
culated from drawing, first and second series . 
8 Clearance volume calculated for third and fourth series 
Inside diameter of steam pipe 
10 Inside diameter of each of the two exhaust pipes.......... Sin. 


22 per cent 
17 per cent 


There were four series of tests, each with the four loads specified, 
namely: 
1 Saturated steam, 125 lb. pressure, atmospheric exhaust 
2 Saturated steam, 125 lb. pressure, 5 Ib. back pressure 
3 Saturated steam, 150 lb. pressure, atmospheric exhaust 
4 Superheated steam, 150 lb. pressure, atmospheric exhaust. 
The leading data and results are presented in Tables 2, 3, 4, and 5. 
The steam on all the saturated-steam tests was practically dry 
steam, a throttling calorimeter, showing almost constantly a tem- 
perature of 277 deg. fahr. with 125 lb. pressure at the throttle 
valve, indicating a moisture content of less than one-half of one 
per cent. No correction was made for this small amount of mois- 
ture. 
The superheating boiler of the plant was not in service while the 
saturated-steam tests were being conducted. 
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The indicated horsepower was determined by taking diagrams 
and kilowatt readings simultaneously, and correcting for any de- 
parture from the even 100-, 200-, 300-, and 400-kw. loads, which 
were the points at which the averages were continuously maintained. 
The diagrams were taken from three-way cocks according to the 
usual test-block method. The horsepowers should be slightly 
reduced owing to the error of the three-way cocks. This error, 
however, is practically offset by a corresponding error due to the 
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Fig. 2. CURVES SHOWING PERFORMANCES OF THE UNIFLOW ENGINE 


Curves A and B: Saturated steam, 125 lb. pressure, 5 lb. back pressure. 
Curves C and D: Saturated steam, 125 lb. pressure, atmospheric exhaust. 
Curves E and F: Saturated steam, 150 lb. pressure, atmospheric exhaust. 
Curves G and H: Superheated steam, 150 Ib. pressure, atmospheric exhaust. 


TABLE 2 TESTS OF UNIFLOW ENGINE—FIRST SERIES 
Saturated steam, 125 Ib. pressure, atmospheric exhaust, 22 per cent clearance) 
Load———-——. 
load 1/zload %/4load Full load 
1 Gage at throttle valve, Ib. . 125 125 126 125.5 
2 Electric load (exclusive of exciter), ‘kw. 100 200 300 400 
3 Water per hour, lb.... 4360 7144 9908 13,124 
+ Indicated horsepower....... 211.6 350.8 491.8 635.2 
5 Water per i.hp-hr., Ib.... 20.6 20.4 20.1 20.7 
6 Water per kw-hr. (exclusive of ex- 
43.6 35.7 33.0 32.8 


TABLE 3 TESTS_OF UNIFLOW ENGINE— 


Saturated steam, 125 Ib. pressure, 


SECOND SERIES 
5 Ib. back pressure, 22 per cent clearance) 
—Proportionate Load 


Full load 


1/4 load '/gload 4/4 load 

1 Gage at throttle valve, lb.. 125.3 129 124 124.4 
2 Electric load (exclusive of exciter), kw. 100 200 300 400 
3 Water per hour, Ib.. ; 4655 7776 11,203 15,214 
4 Indicated horsepower Jere 215.5 352.7 499.4 652.6 
5 Water per i-hp-hr., Ib.. 21.6 22.0 22.4 23.3 
6 Water per kw-hr. (exclusive of ex 

46.1 38.9 37.3 38 

TABLE 4 TESTS OF UNIFLOW ENGINE—THIRD SERIES 


Saturated steam, 150 Ib. pressure, atmospheric exhaust, 17 per cent clearance) 


—————Proportionate Load————_.. 
'/2load Full load 
1 Gage at throttle valve, lb.. — 153.2 152.4 150.8 
2 Electric load (exclusive of exciter), kw. 100 200 300 400 
4 Indicated horsepower .. sauna’ 222.4 361.9 533 634.5 
5 Water peri-hp-hr.,Ib........... . 19.4 18.9 18.1 19.9 
6 Water per kw-hr. (exclusive of ex- 
citer), Ib ; ty 43.1 34.2 32.2 31.6 
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TABLE 5 TESTS OF UNIFLOW ENGINE—FOURTH SERIES 
(Superheated steam, 150 lb. pressure, atmospheric exhaust, 17 per cent clearance) 


-—————Proportionate Load——__.. 
1/4 load '/eload %/,load Full load 
1 Gage at throttle valve, lb........... 153 152 152.2 151.4 
2 Temperature by throttle thermom- 
eter, deg. fahr. 469 443 427 437 
3 Superheating at throttle thermom- 
109 83 67 
4 Electric load (exclusive of exciter), kw. 100 200 300 00 
Water oer 3411 5807 8430 11,148 
6 Indicated horsepower . ate 223.2 365.2 501.5 633.3 
7 Water per i. hp-hr., Ib... “ : 15.3 15.9 16.8 17.6 
8 Water per kw-br. (exclusive of ex- 


reducing motion in use which acts the opposite way, and these 
errors may be disregarded. 

The economy results of the various tests are shown graphically 
by points on Fig. 2, in which horizontal distances represent the 
load in kilowatts and vertical distances pounds of steam. consumed 
per i.hp-hr. and per kw-hr. In each case a curve is drawn showing 
what may be considered the average curve of performance. It 
is interesting to note the effect which superheating produced on 
the curve H of that series as compared with the corresponding 
curve F given with saturated steam. In the superheated-steam 
case the curve is substantially a straight line. 

The manner in which the steam is distributed in the cylinders 
by the use of the uniflow principle and its attending valve mechan- 
ism and arrangement of cylinders may be seen by reference to the 


two sample indicator diagrams reproduced in Figs. 3 and 4. Fig. 
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Fig. 3: Throttle gage, 153 lb.; back pressure, 0 Ib.; m.e.p., 45.1 Ib. 
Fig. 4: Throttle gage, 125 lb.; back pressure, 6.7 Ib.; m.e.p., 42.9 Ib. 


3 shows the performance with atmospheric exhaust, and Fig. 4 
with a back pressure of 6'/2 lb. 

In connection with the operation of the uniflow principle in this 
engine, the question of cylinder condensation comes to the front. 
Table 6 is added with a view of showing the steam accounted for 
by the indicator diagrams in one of the series of tests with saturated 
steam, as well as the proportion this bears to the actual steam 
consumption. The high percentages in the last line of the last 
two columns (87 and 88 per cent) reveal excellent conditions 
regarding condensation and leakage. 


TABLE 6 STEAM DIAGRAM IN FIRST SERIES 
OF TE 


Load in Kilowatts- 
200 


100 300 400 

1 Apparent cut-off, per cent. ‘ 4.1 8.0 11.2 16.9 
2 Steam accounted for by diagrams per 

13.72 16.96 17.49 18.2 

3 Actual steam consumed per i.hp-hr., lb. 20.6 20.4 20.1 20.7 

4 Percentage accounted for............. 66.6 83.1 87.0 88.0 


At the close of the second series of tests the admission valves 
were tested for leakage under a standing pressure, with engine 
blocked, the steam which leaked being revealed by escape into the 
air through the indicator piping. There was practically no leakage. 
When the throttle valve was shut and the steam was retained in 
the steam chests, the pressure within dropped at the extremely 
low rate of 5 lb. per min., requiring ten minutes’ time to be reduced 
from 120 lb. to 70 Ib 
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Synopses of Other Spring Meeting Papers 


The Parallel Operation of Hydro and Steam Plants 


SomE OPERATING AND Economic Features THAT SHOULD RECEIVE 
CAREFUL ATTENTION 


By F. A. ALLNER 


Gen. Supt, Pennsylvania Water and Power Company, Baltimore, Md., Mem. 
A.S.M.E. 


[IDUE to the low generating costs of modern steam plants the 
margin of saving offered by a hydro development is frequently 
quite small. The utmost utilization of combined hydro-steam- 
source power, however, has become of greater economic importance 
in recent years. The economic service of hydro power is usually 
expressed as replacement value of the equivalent amount of steam 
power. This comprises two different elements: one, the steam 
investment cost for the hydro demand service; the other, the steam 
generating cost for the hydro energy delivered to the load system. 
A hydro-steam development that is not equipped with seasonal 
storage can render the greatest demand service to a given system 
load if, on the days of greatest steam demand on the system coin- 
ciding with minimum flow, the hydro plant supplies the peaks and 
the steam plant the base of the system load. The greatest energy 
contribution from the hydro plant is obtained by letting it carry 
the base portion of the system load during high flow and having 
the peak portion produced by steam. 

General and specific methods are explained by which these 
economic principles are put into practice. Particulars are given of 
a system of load signaling by means of small changes in frequency 
above or below normal which has been found very useful for a more 
perfect distribution of load during certain hours when it is otherwise 
difficult to secure the desired division of generation. 

Hydro-steam parallel operation may produce a favorable operat- 
ing combination as these two sources of power can supplement each 
other to mutual advantage in a number of desirable service features. 
Inherent limitations which serve to prevent too short a governor 
traversing time on hydro units are explained, as well as oscillograms 
of “load on” and “load off” tests recording speed, gate travel, and 
pressure in wheel pit. 


Particulars are given of a proposed ideal hydro-steam parallel 
operation where the steam sta- 


Many occupations in the steel foundry are listed in order to 
explain the complex nature of the operations for which a manager is 
responsible. The branches of a company organization are assigned 
to staff and line departments. Reasons are given for certain classi- 
fications, regarding which procedures occasionally vary. Policies 
governing staff departments are discussed separately, not for the 
purpose of enumerating all duties ordinarily performed, but with 
the intention of provoking discussion regarding certain factors con- 
sidered by the author to be of fundamental importance, about which 
there are differences of opinion. 

The subject of compensation both for workmen and for foreme: 
is emphasized because the author believes this is a detail of manage- 
ment which is of very great significance. 


Duty Tests of Vertical Triple-Expansion Pumping 
Engines, Milwaukee, Wis. 


Resvutts OBTAINED AT RIVERSIDE PuMPING STATION 


By CHARLES A. CAHILL 
Consulting Engineer, Cahill & Douglas, Milwaukee, Wis. Mem. A.S.M.E. 


MILWAUKEE, Wisconsin, has equipped its new Riverside 

Pumping Station with three vertical triple-expansion pum)- 
ing engines. The reason for this choice of engines of this type wa 
their great reliability, high economy, and low cost of maintenance 
The author believes that the units A and B recently tested have 
shown a duty record that has not been equaled to date by any 
using steam as a working medium for pumping water. 


The Rational Design of Covering for Pipes Carry- 
ing Steam up to 800 Deg. Fahr. 


By W. A. CARTER anp E. T. COPE 
Respectively, Engineer, Research Dept., The Detroit Edison Co., Mem. A.S.M | 
and Research Dept., The Detroit Edison Co., Detroit, Mich. 
"THE authors present an analysis of the problem of determining t/ic 
most economical thickness of pipe covering for steam pipes carry- 
ing steam superheated to tem- 


tion will be located immediately 


adjacent to the hydro plant. 
The generating units of both 
plants will be operated from the 
same control board. Circulating 
water for the condensers will be 
drawn from and returned to the 
forebay of the hydro plant. 
During frazil-ice attacks this 
arrangement is expected to min- 
imize capacity reductions at the 
hydro plant. There is a natural 
seasonal diversity in the time of 
overhauling work at the two 
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peratures of 500 deg. fahr. and 
above, based on the work of 
Heilman, Eberle, and others. 
Two cases are considered, one 
in which a single insulating 110 
terial is used, while in the second 
it is considered necessary to se 
a material of higher heat-resi-t- 
ing properties between the pipe 
and the covering used in the first 
case. Curves showing the net 
monetary saving for various 
thicknesses of covering for a 


6-in. pipe are included. 


types of plants. It will be pos- ; 
sible to keep the same skilled labor force employed more steadily 
throughout the year and to use the same shop facilities for the repair 
work of both plants. 


Steel-Foundry Management 


By R. A. BULL 
Dir., Electric Steel Founders’ Research Group, Chicago, Il. 


‘THE author discusses those steel-foundry problems that in his 

opinion have the greatest general significance in this highly 
specialized branch of manufacture. He presents a brief analysis 
of the industry, explaining its technical and commercial divisions 
and the significance of each from the standpoint of output, for the 
purpose of more clearly indicating the nature of the industry under 
consideration. 


442 
Be sure to bring this copy with you to the Spring Meeting 


: tions for the calculations in- 
volved are included and the procedure of making the calculations 


explained. Three appendices deal with some of the assumptions 
made in the analysis. 


Boiler Furnaces for Pulverized Coal 
By A. G. CHRISTIE 


Professor of Mechanical Rngineering, John 


s Hopkins University, Baltimore, \!d 
Mem. A.S.M.E. 


POWDERED coal is used more widely every year for furnaces 
under boilers. An analysis of the fundamentals of the com- 
bustion of the coal and of the effect of radiant heat and flame on 
the performance of such furnaces is presented in this paper. er- 
tain features secondary to the furnace and dealing with preparing 
and drying coal and handling ash are also discussed briefly. 
This analysis indicates that the following conditions are de- 
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sirable for the highest efficiency and maximum capacity of a given 
furnace: Coal should be finely ground, thoroughly dry, and pre- 
heated before entering the furnace. Primary and secondary air 
should be highly preheated. Turbulence should exist inside the 
furnace. The walls should be water-cooled. New methods of 
handling ash and preventing the discharge of dust into the air 
should be developed. These will lead toward greater capacity for 
a given furnace volume and to high boiler efficiencies. 


Lake Waters for Condensers 


By A. G. CHRISTIE 
Professor of Mechanical Engineering, Johns ~~ University, Baltimore, Md. 
Mem. A.S.M. 

HIS paper points out the persistence of stratification of warm- 

and cold-water layers in our northern lakes and other deep 
waters. The cold bottom layers make excellent cooling-water 
supplies for condensers and would permit operation at high vacuum 
throughout the whole year. The savings from increased vacuum 
are such that engineers should give this factor careful consideration, 
both in the selection of plant site and in the design of intakes, par- 
ticularly for large power stations. Temperature-depth studies of 
the particular lake should be made to furnish exact data upon which 
a rational decision can be based. 


A Review of Steam-Turbine Development 


By HANS DAHLSTRAND 
Steam Turbine Engrg. Allis- Mfg. Co., Milwaukee, Wits 
Mem. A.S.N 

THs paper is chiefly concerned with the effects which the use of 

steam at higher pressures and temperatures has had upon the 
efficiencies of steam turbines and upon the materiais used in the 
construction of their parts. The use of high-back-pressure steam 
turbines, to be installed in connection with boilers of higher pressure 
in such a way as to exhaust into the steam mains and turbines of 
existing plants, is carefully analyzed for units of 10,000- and 30,000- 
kw. capacity, and the effects on the efficiency are graphically pre- 
sented. A discussion of materials for use with the higher pressures 
and temperatures is included, with some curves showing the re- 
sults of investigations made by the Allis-Chalmers Company on 
various metals and the characteristics which should be possessed 
by a metal suitable for use at 1000 deg. fahr. The paper also con- 
tains some comments on corrosion and erosion of turbine blades, 
and shows the effects of these destructive forces on blades of different 
composition. 


Mechanical Features Affecting the Reliable and 
Economical Operation of Hydroelectric Plants 


Translated by L. C. Marburg, Mem. A.S.M.E. 
By E. A. DOW 


Mechanical Engineer, New England Power Construction Co., Worcester, Mass 


THs paper deals with the subjects of flashboards, trashracks, 

rack rakes, sluice and headgates, penstock valves, air vents, 
and discharge-measuring devices from the standpoint of economy 
and reliability of operation based almost entirely on the New 
l‘ngland Power Company’s practice. It stresses the importance 
of reducing head losses and leakage and adhering to strength and 
~inplicity in the design of hydraulic equipment. 


Comparison of Actual Performance and Theoret- 
ical Possibilities of the Lakeside Station 


By M. K. DREWRY 
Technical Engineer, Power Plants, Milwaukee a Railway & Light Co., 
Milwaukee, Wis. Jun. 

O SHOW the degree of cabanas in the design and operation 

of a high-efficiency, straight Rankine-cycle station, pointing 
out the magnitude of each individual heat and availability loss 
occurring in actual practice, is the object of this paper. Operating 
and test figures of the Lakeside Station have been assembled and a 
comparison of theory and practice has been recorded. 
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Recent Investigations in Turning and Planing and 
a New Form of Cutting Tool 


By HANS KLOPSTOCK 


Pres., Klopstock Steel Co., Berlin, Germany 


THIS paper gives an account of experiments conducted ‘in the 

machine-tool laboratory of the Polytechnic Institute of 
Berlin. The cutting tests proper were preceded by a study of the 
lathe and the instruments used, to ascertain their behavior under 
various conditions. In the main tests it was aimed to determine 
the influence upon the cutting forces of the following factors: 
Cutting speed, chip section, shape of tool, and characteristics of 
the materials cut. 

As a result of these observations a new form of tool has been 
designed which, the author claims, permits a higher cutting speed 
and a larger chip section than is practicable with the standard 
tools now used. The results of some of the tests made in various 
German railway shops are given, in which the relative life of the 
cutting edges of the new and the old tools under exactly the same 
conditions was compared. 

It is claimed, from results obtained in various foreign shops, that 
on the average production can be increased about 30 per cent by 
means of the new tool. 


Torsional Vibrations and Critical Speeds of Shafts 


By ARNOLD LACK anp CHARLES B. JAHNKE 


Respectively, Engineer and Chief Engineer, Fairbanks, Morse & Co., Beloit, Wis 


‘THIS paper is an analysis of torsional vibrations and critical 

speeds of shafts. These magnitudes, as shown in the paper, 
can be calculated for any engine when all necessary data are 
given. The various characteristics of torsional vibrations are 
measured with a special instrument called the “Torsiograph,”’ 
which shows by means of “torsiograms” the degree of irregularity 
of rotation of the shaft. 

The stresses in the shaft due to its vibrations are also computed, 
and means of avoiding dangerous vibrations are shown. Results 
of a number of tests are given, which were carried out on: (a) 
an apparatus for demonstration of torsional vibrations; (6) an 
experimental horizontal oil engine; (c) a vertical two-cylinder 
Diesel engine driving two generators; (d) and a vertical four-cylinder 
marine engine. 


Stress Concentration Produced By Holes and 
Fillets 


By S. TIMOSHENKO anp W. DIETZ 
Research Laboratory, Westinghouse Elec. & Mfg. Co., East Pittsburgh, Pa 
Respectively, Mem. A.S.M.E. and Non-Member. 

N MANY practical cases a very high stress concentration is pro- 

duced by holes, grooves, notches, and sharp variation of cross- 

sections. This stress concentration is particularly undesirable 

where materials undergo reversal of stress. Coefficients of safety 

as hitherto employed have been large enough to cover such weak- 

ness. The modern tendency in design is to increase working stresses, 

thereby obtaining lighter and more economical structures, and 

concentration of stress is accordingly receiving more attention than 
formerly. 

The authors attack a number of practical problems relating to 
holes and fillets, and employ several methods of approach: namely, 
analytical method giving approximate solutions for certain simple 
cases; photoelastic method, by means of which stress concentration 
ean be studied if the problem is a two-dimensional one; Lueders’ 
line method, or the study of certain lines appearing on the polished 
surfaces of a mild-steel specimen subjected to simple tension or 
compression, at the points of highest stress concentration; and fine 
extensometer measurements at points of stress concentration. 
Analytical and experimental methods are found by the authors to 
be in satisfactory agreement as far as static loads are concerned. 
When reversal of stress is involved, the weakening effect of stress 
concentration can only be established accurately on the basis of 
fatigue tests. 
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The Activated-Sludge Sewage-Disposal Plant at 
Milwaukee 


Irs GENERAL OPERATION AND THE FUNDAMENTAL PRINCIPLES 
INVOLVED 


By JOHN ARTHUR WILSON 


Consulting Chemist, Sewerage Commission of Milwaukee. 


‘THE problem confronting the Milwaukee Sewage Commission 
at the beginning of its work in 1913 was to separate the city’s 
sewage—now having a flow of 85,000,000 gal. daily—into an effluent 
pure enough to discharge safely into Lake Michigan, its source of 
drinking water, and dry solid matter in a form permitting its eco- 
nomical shipment and use as a fertilizer. The activated-sludge 
process was adopted, which took care of the effluent part of the 
problem, and after prolonged and intensive engineering and chem- 
ical research a method was devised for reducing the sludge to an 
attractive dry powder with a high fertilizer value. The paper dis- 
cusses in detail the methods used in removing both coarse and finely 
divided materials from the sewage, the mechanism of aeration, 
various phases of the sludge problem, relative filtering efficiency, 
effect of adding acid and aluminum sulphate, dewatering the sludge, 
preparation of the dry material as fertilizer, etc. 


Radiation in the Pulverized-Fuel Furnace 
By WALTER J. WOHLENBERG anp DONALD G. MORROW 


Respectively Associate-Professor of Mechanical Engineering, Yale University. 
Assoc-Mem. A.S.M.E., and Student at Yale University, New Haven, Conn. 
THIS paper deals with the fundamentals concerning radiation 

in the pulverized-fuel furnace. It is shown that the radiating 
power through the flame surface depends primarily on the size of 
the particle and that, based on the flame-surface area, its magni- 
tude relative to black radiation is low. The heat-absorption in- 
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tensity at the cold surface, however, may be considerably higher 
than the relative radiance of the flame. This factor depends on 
both the amount and the disposition of the refractory furnace 
lining. Application of the method outlined enables, by an analyt- 
ical process, quantitative evaluation of the furnace energy proc- 
ess, and the data yielded are of such a nature as to indicate by 
comparison which furnace proportions will give the best results. 


A Code of Design for Mechanical Springs 
By JOSEPH K. WOOD 


Consulting Engineer, New York, N.Y. Mem. 


‘THs paper first gives an entirely new derivation of the general 

spring formulas developed by the author from the numer- 
ously scattered orthodox spring formulas and presented in his 
paper on Mechanical Springs at the A.S.M.E. Annual Meeting 
in December, 1924. The two sets of formulas, although derived 
independently, are identical in fabrication of terms, and since the 
new derivation is based upon the direct application of the individual 
terms, this agreement establishes the general formulas on a more 
logical and practical basis. There are slight differences, however, 
in the specific values of the stress-method and form-of-section 
constants, which in the case of springs of the uniform-flexure type 
account exactly for differences which have been found between 
calculated and actual test results. Complete research is urged 
to confirm this finding definitely, and until such work is done the 
author will employ the constants that agree with the orthodox 
formulas. In view of the remarkable manner in which the new 


derivation establishes the logical arrangement of the generalized 
formulas, the author has drawn up and included in the paper a 
brief code of design for mechanical springs, which he is led to 
believe will serve as a nucleus for a more complete and final code 
in the future. 
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L. V. Andrews, 
author of the paper 
on Microscopic 
Study of Pulverized 
Coal, was born in 
Stewardson, Ill. He 
attended high school 
in Decatur, Ill, and 
later studied courses 
given by the Inter- 
national Correspon- 
dence Schools and 
the Alexander Ham- 
ilton Institute. He 
has been connected 
with the Lyon Lumber Co., the Mississippi 
Valley Structural Steel Co., the McLaughlin 
Coal Reduction Co., all of Decatur, IIl., and 
the Riley Stoker Corporation, Worcester, 
Mass. He is at present employed with the 
latter company in its development depart- 
ment, where he has been working since 1918 
with pulverized-coal equipment. During 
1918 he was stationed at Carnegie Institute 
of Technology, Pittsburgh, with the 298th 
Aero Squadron. 


L. V. ANDREWS 


G. H. Barrus, 
consulting engineer, 
of Boston, Mass., 
writes on Tests of a 
Uniflow Engine. Mr. 
Barrus was gradu- 
ated from the Massa- 
chusetts Institute of 
Technology in 1874 
with the degree of 
B.S. in mechanical 
engineering, and then 
served for six years as 
engineer for George 
B. Dixwell, who pro- 
vided and donated to M.I.T. the first steam 
laboratory used in any technical school or 
college in the United States, and which was 
employed for the Dixwell investigations on 
superheated steam. From 1880 to the pres- 
ent time Mr. Barrus has been engaged in the 
consulting field in steam engineering, and has 
numbered among his clients many manu- 
facturing establishments. In the course of 
his work he has conducted over a thousand 
boiler tests and has taken over 25,000 indica- 
tor diagrams. 

Mr. Barrus has been very active in the 
work of The American Society of Mechanical 
Engineers, serving as a member of a number 
of important committees. He is the inventor 
of the Barrus steam calorimeter, a draft gage 
and a steam meter, as well as of drainage 
improvements for paper-machine driers. He 
was a Massachusetts member of the Board of 
Judges of the World’s Columbian Exposition 
in 1893, and was a member of the National 
Advisory Board on Tests of Fuels and Struc- 
tural Materials appointed by President 
Roosevelt. 


G. H. Barrus 


William L. De 
Baufre, who pre- 
sents in this issue an 
Analysis of Power- 
Plant Performance 
Based on the Second 
Law of Thermody- 
namics, is chairman 
of the mechanical- 
engineering depart- 
ment of the Univer- 
sity of Nebraska. He 
is also consulting en- 
gineer for the U. S. 
Bureau of Mines, be- 
ing a member of the Board of Helium Engi- 
neers and of the Advisory Committee on the 
Use of Oxygen or Oxygenated Air in Metal- 
lurgical and Allied Processes. For a number 
of years he was mechanical engineer at the 
U. S. Naval Engineering Experiment Station, 
Annapolis, Md. 


W. L. DeBaurre 


Harold S. Falk, 
vice-president and 
works manager of 
the Falk Corporation, 
writes on A National 
Apprenticeship Pro- 
gram. Mr. Falk 
was born in Milwau- 
kee, Wis., where he 
attended both gram- 
mar and high school. 
He then entered the 
University of Wis- 
consin, from which 
he was graduated in 
1906. His summer vacations during the school 
period were spent working in various depart- 
ments of the Falk Corporation, manufac- 
turers of heavy-duty oil engines, gears, and 
steel castings. Upon being graduated he en- 
tered the employ of that concern as assistant 
to the superintendent. Sometime later he 
was appointed superintendent, then general 
superintendent of the plant, and in 1923, 
vice-president and works manager. 


H. S. Faux 


* * * + * 


P. V. Faragher, 
co-author with R. L. 
Streeter of the paper 
on Aluminum and Its 
Light Alloys,  re- 
ceived his A.B. from 
the University of 
Kansas in 1909 and 
then spent four years 
in graduate study at 
the University of 
Kansas, the Univer- 
sity of California, 
and the research lab- 
oratory of physical 
chemistry of the 
Massachusetts Institute of Technology, re- 
ceiving his Ph.D. from the latter in 1913. 
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P. V. FARAGHER 


He then returned to the University of 
Kansas where he held the position of assist- 
ant professor, later becoming associate pro- 
fessor of chemistry. During 1918 he held a 
fellowship at the Mellon Institute of 'dus- 
trial Research, where he studied the properties 
of magnesium and its alloys. In 1919 he 
entered the employ of the Aluminum Co. of 
America, where he first worked in the research 
bureau, later becoming connected with the 
company’s technical direction bureau. 


G. E. Hagemann, 
co-author with J. 
A. Shepard of For- 
mulas for Computing 
the Economies of 
Labor-Saving Equip- 
ment, was graduated 
from Rutgers Uni- 
versity in 1912 with 
the degree of B.S. in 
mechanical engineer- 
ing. He worked for 
a year with Frank B. 
Gilbreth in his man- 
agement - installation 
work at the New England Butt Co., Provi- 
dence, R. I., and then for a brief period was 
connected with the Worthington Pump & Ma- 
chinery Corporation in centrifugal-pump and 
water-meter testing. For five years he served 
as an instructor in mechanical engineering at 
the University of Pennsylvania, and then be- 
came mechanical engineer for the Warren 
Foundry & Pipe Co. in Phillipsburg, N. J. 
Four and a half years later he accepted his 
present position of associate editor of Man- 
agement and Administration. 


G. E. HaGeMANN 


J. Fletcher Har- 
per, author of De- 
fects in Large Forg- 
ings, attended tue 
University of Wis- 
consin for three and 
one-half years, takiug 
the course in electri- 
cal engineering, fol- 
lowing which he 
served a special ap- 
prenticeship course 
at the Allis-Chalmers 
Manufacturing Co. 
He was connected 
with an electrical company in Milwaukee for 
one year, returning to the Allis-Chalmers 
Manufacturing Co. in July, 1916, to take 
charge of the heat-treating departments. In 
September, 1918 he was made assistant super- 
intendent of the forge department in the same 
plant, and in April, 1921, was appointed 
research engineer of the manufacturing de- 
partment of the company, which position he 
now holds. 


J. HarPer 


Contributors to this Issue 
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GeorgeLangford, 
Jr., author of the 
paper on An Applica- 
tion of the Formulas 
for Computing Econ- 
omies of  Labor- 
Saving Equipment, 
was graduated from 
the engineering col- 
lege of the Univer- 
sity of Minnesota in 
1924 with the degree 
of B.S. in mechanical 
Grorce Lanororp, Jr. engineering. Since 

then he has been con- 
nected with the Belden Manufacturing Co., 
of Chicago, Ill., in the capacity of assistant 
engineer, 


Erich H. Lich- 
tenberg, author of 
Labor-Saving Equip- 
ment in Road Con- 
struction, is chief en- 
gineer of the Koehr- 
ing Co., Milwaukee, 
Wis. He was edu- 
cated in the Univer- 
sity of Wisconsin ex- 
tension school, the 
International Corre- 
spondence School, 
and the Alexander 
Hamilton Institute. 
He was for one year in the employ of the 
Louden Machine Co., Fairfield, Iowa, and from 
1906 to 1907 served as patent-office drafts- 
man in Springfield and Chicago, Ill. Later 
he designed and had charge of the building of 
ore-reduction machinery for the Kent Ore 
Reduction Co., of Chicago and Milwaukee, 
and of the designing of special machinery for 
the Whitman & Barnes Co., West Pullman, 
Ill. He has been associated with the Koehr- 
ing Co. since 1911. 


E. H. LicutenserG 


I. E. Moultrop 
started his engineer- 
ing career in 1882 by 
going with the Whit- 
tier Machinery Co. 
of Roxbury, Mass., 
as an apprentice in 
the machine shop. 
Following his appren- 
tice term he went 
into the drafting 
room, and in due 
course was promoted 
to be head drafts- 
man. He stayed 
with them until 1892 when he resigned to 
accept a position as engineer on mechanical 
construction work with the Boston Edison 
Company, and has been with that com- 
pany ever since, advancing progressively 
to the position which he now holds, assistant 
superintendent of the construction bureau, 
which Bureau handles all the construction 
work done by the company. 

Mr. Moultrop is at present a member of the 


I. E. Mov.trop 


MECHANICAL ENGINEERING 


A.S.M.E., A.I.E.E., Boston Society of Civil 
Engineers, N.E.L.A., and Association of 
Edison Electric Illuminating Companies. He 
is also a member of the Boiler Code Com- 
mittee and Power Test Code Sub-Commit- 
tee on Turbine Testing of the A.S.M.E. 

Mr. Moultrop’s prominence in the activi- 
ties of the engineering work of the N.E.L.A. 
has been an outstanding feature of his 
career. He has served on its Prime Movers 
Committee, and the Steam Turbine and Gas 
Engineering Committee which proceeded the 
Prime Movers Committee, some ten or twelve 


years. 
* * * * * 


Edward W. Nor- 
ris is a mechanical 
engineer, with Stone 
& Webster, Inc. He 
was graduated from 
the University of 
Pennsylvania in 1911 
and joined the So- 
ciety the following 
year. For five years 
he was in the engi- 
neering department 
of the Southwark 

Epwarp W. Norris Foundry and Ma- 
chine Co., designing 
power-plant equipment and doing research 
work. He then spent a year with the Mead- 
Morrison Manufacturing Co. During the War 
he went to the Hog Island Shipyard where he 
supervised the installation of machinery and 
was later master mechanic at the structural 
fabricating shops. He went to Boston in 
1919 with the C. B. Roberts Engineering Co., 
petroleum engineers, having charge of fuel 
oil installations. Three years later he entered 
the Engineering Division of Stone & Webster, 
Inc., taking the position he now holds. 


* * * * 


J. A. Shepard, 
co-author with G. 
E. Hagemann of For- 
mulas for Computing 
the Economies of 
Labor-Saving Equip- 
ment, is vice-presi- 
dent and consulting 
engineer of the Shep- 
ard Electric Crane 
& Hoist Co. From 
} 1880 to 1893 Mr. 
as Shepard was one of 
three partners in the 
firm of W. H. Shep- 
ard & Sons, manufacturers of agricultural 
implements in Montour Falls, N. Y., where 
he served successively as molder. pattern- 
maker, machinist, draftsman, salesman, and 
business manager. For the next nine years 
he was chief engineer of the W. H. Shepard 
& Sons’ Bridge Co., in charge of the design 
and construction of plant and products. 
From 1902 to 1908 Mr. Shepard was chief 
engineer of the General Pneumatic Tool Co., 
the successor to the company with which he 
had just previously been connected. This 
concern in turn became the Shepard Electric 
Crane & Hoist Co., which Mr. Shepard served 


J. A. SHEPARD 
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as vice-president and chief engineer before 
being appointed to his present position. 


* * * * 


Lewis K. Sillcox, general superintendent 
of motive power of the Chicago, Milwaukee 
& St. Paul Railway Co., writes on Factors 
Concerning the Economics of Shopping Steam 
Locomotives. Mr. Sillcox is a graduate of 
the Institute of Mechanical Engineers, Brus- 
sels, Belgium, receiving his M.E. in 1903. 
For three years immediately after he was 
connected with the New York Central Lines 
where he learned the machinist’s trade and 
operating methods in the mechanical depart- 
ment. He was then for one year connected 
with the McSherry Manufacturing Co., 
Middletown, Ohio, as assistant general shop 
superintendent, resigning to become me- 
chanical engineer in charge of the design of 
equipment and shops of the Illinois Traction 
System, Decatur, Ill. From 1910 to 1912 
Mr. Sillcox was with the Canadian Car & 
Foundry Co., in Montreal, Canada, and for 
the next four years was associated with 
the Canadian Northern Railway System, To- 
ronto, as mechanical engineer in charge of the 
design of locomotives, cars, shop tools, etc. 
In 1916 he accepted the position of mechani- 
cal engineer in charge of car work for the 
Illinois Central Railroad, Chicago, Ill., and 
shortly afterward became master car builder 
for the Chicago, Milwaukee & St. Paul Rail- 
way Co., of which concern he is now general 
superintendent of motive power. 


* * * * * 


R. L. Streeter 
and P. V. Faragher 
are co-authors of the 
paper on Aluminum 
and Its Light Alloys. 
Mr. Streeter is a 1903 
graduate of the Uni- 
versity of Pennsyl- 
vania. He engaged 
in practical engineer- 
ing work until 1910, 
wien he became con 
nected with Rensse 
laer Polytechnic In 
stitute as assistant 
professor of mechanicai engineering. He 
served in the Army from May to October o! 
1919, and upon receiving ais discharge becam: 
chief mechanical engineer of the Aluminum 
Co. of America. He is now vice-president o! 
the United States Aluminum Co. in charge oi 
the fabricating plants. 


R. L. STREETER 


* * * 


R. J. Wadd, who writes on Economic 
Efficiency of the Full-Automatic Turret 
Lathe in Comparison with the Semi-Turret 
Lathe, has been since 1921 chief engineer 0! 
the Shepard Electric Crane & Hoist Co. 
Montour Falls, N. Y. He received his B.S. 
in mechanical engineering from Michigan 
Agricultural College and then entered the 
employ of the Shepard Electric Crane & 
Hoist Co., on engineering and sales work. 
During the war he was connected with the 
Chemical Warfare Service, returning to the 
Shepard Co. upon being discharged from the 
Army. 
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The following papers, to be presented at the Mil- 
waukee Spring Meeting, will be available in pamphlet 
form and may be secured without cost by any member 
of the Society. 

Check papers desired and mail to the Secretary. 


Order Number 


Written 


Date By 


Reserved for Date Stamp 


Spring Meeting Papers Available 
Distribution of these papers by mail will commence about May | 


Authors and Papers 


By 


Auuner, F. A., The Parallel Operation of Hydro and Steam Plants 


R. A., Steel-Foundry Management 


CaHILL, CHARLES A., Duty Tests of Vertical Triple-Expansion Pumping Engines, Milwaukee, 
Wis. 


Carrer, W. A., and Cope, E. T., Rational Design of Covering for Pipes Carrying Steam up to 
800 Deg. Fahr. 


(Curistig, A. G., Boiler Furnaces for Pulverized Coal | 


Curistig£, A. G., Lake Waters for Condensers 


DAHLSTRAND, Hans, A Review of Steam-Turbine Development 


‘Dow, E. A., Mechanical Features Affecting the Reliable and Economical Operation of Hydro- 
electric Plants 


Drewry, M. K., Comparison of Actual Performance and Theoretical Possibilities of the Lakeside 
Station 


Kiopstock, H., Recent Investigations in Turning and Planing, and a New Form of Cutting 
Tool 


Lack, A., Torsional Vibrations and Critical Speeds of Shafts | 


| 


TIMOSHENKO, 8., and Drerz, W., Stress Concentration Produced by Holes and Fillets 


Wixson, Joun A., The Activated-Sludge Sewage-Disposal Plant at Milwaukee 


WoHLENBERG, WALTER J., and Morrow, Donan G., Radiation in the Pulverized-Fuel Furnace 


Woop, J. K., A Code of Design for Mechanical Springs 


To THE Secretary, A.S.M.E., 29 West 39th Street, New York City. 


Please send copies of the papers checked above to 


Print Name. 


Street Address........ 
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1925 ADVERTISING SECTION 


SPRING 


Mumerpel Auditoriup 
Milwaukee Wis 


: 


in whose products you are interested. 


MEETING (4 MAY 


City of Milwaukee from break water 


and while here, take advantage of the opportunity to meet in person the executives of concerns 


In many cases you will be able to see new machines in 


operation, or to secure first-hand information about manufacturing processes which will be of 


direct benefit from a business or professional standpoint. 


On the following color pages, the 


concerns located here present special information regarding their products and extend a cordial 
invitation to visit their plants, (see map on pages 2 and 3). 


Manufacturers Represented in this Special Color Section 


Map sw Page 

Loc. No. 
Albaugh-Dover Mfg. Co........... Chicago...... 30 
Allis-‘Chalmers Mfg.Co.......... Milwaukee. . .10, 11 
Cleveland. . .28, 29 
Carrick Engineering Co............ Chicago...... 15 
Milwaukee, O-10...... 13 
Combustion Engineering Corp’n... New York...... 24 
Conveyors Corp’n of Amer.........Chicago...... 17 
Detrick, M. Hi. Ge... . Chicago...... 20 
Edge Moor Iron Co............. Edge Moor...... 25 
Milwaukee, N-7....... 7 
Filer-Stowell Co.......... Milwaukee, T-14....... 8 
Illinois Engineering Co............ Chicago...... 21 


Map Page 

Loc. Oo. 
James, D. O. Mfg. Co............. Chicago....... 6 
Johnson Service Co........ Milwaukee, L-15...... 12 
Midwest Power Show (Inc.). Milwaukee, K-12...... 31 
Nordberg Mfg. Co........ Milwaukee, X-14..: ...9 
Republic Flow Meters Co.......... Chicago..... 4,5 
Riley Stoker Corp’n............. Worcester. ..... 22 
Schutte & Koerting Co........ Philadelphia. ..... 16 
Techno Service Corp’n.......... New York...... 18 
Vilter Mfg. Co............ Milwaukee, T-14...... 12 
Wrought Washer Mfg. Co. . Milwaukee, T-16...... 14 


MIDWEST POWER SHOW 


On page 31 of this two color section is presented an announcement from the 
Management of the Midwest Power Show and Mechanical Exposition which in- 
cludes the list of Exhibitors. A.S.M.E. Members are urged to attend this Expo- 
sition which will be held in Milwaukee, May 18 to May 22 inclusive, at the Muni- 
cipal Auditorium; the location of which on the map (pages 2 and 3) is K-12, only 
a short distance from A.S.M.E. Headquarters at the Hotel Pfister, L-14. 
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Republic 


Help Wisconsin 


Savings a Few of Our Wisconsin 
Customers Have Obtained 


ADVERTISING SECTION 


$6,000.00 a year saving in fuel—Flambeau 
Paper Company, Park Falls, Wisconsin 


“Our 18 Republic Flow Meters gave us accurate figures on the cost 


Panel Board in Chief Engineer's office Phoenix Knitting 
of the A. O. Smith Corp., Milwaukee, Mills, Milwaukee, and consumption of our steam. y were partly instrumental in - 
Wisc. Wisc. saving the addition of a 300 H.P. boiler, and in cutting our fuel cost 
about $6,000.00 a year. They are also effecting other savings by 


increasing the efficiency of our 


ant. 
. E. Wells, Chief Electrical Engr. 


$20,000.00 Saved—A. O. Smith Corp., 
Milwaukee, Wisc. 


“The 19 Republic Flow Meters used in connection with the A. O. 
Smith Corporation Steam Plant have proved very accurate and re- 
liable. With their help we were able to increase the efficiency of our 
boilers so as to make unnecessary the installation of an additional 
boiler at a cost of $15,000.00 to $20,000.00.” 

“Our Republic meters told us that conditions were not right in 
four of our boilers. This led us to enlarge the throats in the Taiden 
vaults from 4 ft. 6 in. to 8 ft. 7 in. We thus brought about a much 
better control of our fires with a more constant pressure, which saved 
us the installation of an additional 300 H.P. Boiler.” 

“A distinct advantage of the Republic equipment is that the bodies 
may be located any distance from the point of generation or distri- 
bution. The chief engineer of the power plant has the meters installed 


in his office, where he can see them at 7 =. “ew 
asty, ie gineer. 


Boilers at the Gilbert Paper Co., Menasha, Wisc. ad 
ped with Flow Meters, ‘On Recorders, Draft and 
—er Firemen’s Work Cut in Half—Marathon 


Paper Co.,’ Rothschild, Wisc. 


“We would not consider operating our power plant without the 
Republic Meters and our firemen would quit if we di id. Our Republic 
Flow Meters have been the means of saving their cost many times over, 
by indicating the existence of many opportunities for effecting large 
savings in our power plant operation.” 

“The 24-hour graphic record of individual boiler operation together 
with the indicators on the boilers, tell us which boilers are carrying 
too heavy a load and which are loafing. Indicators also call attention 
to bad conditions within the boilers, such as dirty tubes, holes in the 
fire, foaming and priming, improper feed water regulations, etc." The ! 


savings here are over $6,000.00 yearly. 
John A. Weiner, M.M. 


Republic Flow Meters Co. [I 
2232 Diversey Parkway Chicago, Ill. EB 
Branches in 25 Principal Cities 
Panel Board in en ~~ = Motors Corp., 
Nothern Paper Mills, Green Bay, Wisc. A few Dells Pup There are = “Meters 7 ‘cor 


ot the 22 Steam Meters at this plant. 
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